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The homebuilding I n d u s t r y  i n  t h e  Uni ted  S t a t e s  is a s o p h i s t i c a t e d  
b l end  of innovat iv t*  technology and ccol~*unics .  Most o f  t h e  
p r a c t i c e s  and  com;rdrents used today  have been deve loped  and  re. 
f i n e d  o v e r  -any y e a r s  t o  e n a b l e  t h e  b u i l d e r  t o  4-ons t ruc t  r e s i d e n c , ~  
o f  r ea sonab le  c o s t  w i t h  a p r a c t i c a l l y  i n f i n i t e  v a r i e t y  of d e s i g n s  
and s i z e s .  
. 
l o t h  b u i l d e r s  and manufac tu re r s  must c o n s t a n t l y  s t r i v e  f o r  new 
r a t h ~ i i x  and components i f  t hey  are t o  s i ~ c v i v e  i n  what is an ex-  
t r c u e l y  complex and c o m p e t i t i v e  marke tp lace .  The i n c r e a s i n g  con-  
sumer awareness  o f  energy  s h o r t a g e s  a n d  l i m i t e d  n a t u r a l  r e s o u r c e s  
has  p l a c e d  a d d i t i o n a l  c o n s t r a i n t s  on an  i n d u s t r y  a l r e a d y  b u r d e n ~ d  
by h igh  c o s t s  and i n t e r e s t s  rates. 
probably t h e  most s i g n i f i c r n t  f o r c e  f o r  change i n  t h e  b u i l d i n g  
~ n d u s t r y  o v e r  t h e  nex t  few decades  w i l l  be  cne l t j -  management. 
Our h a r e s  consume a p p r o x i n a t e l y  20 p e r c e n t  o f  t h e  energy  used 
i n  t h e  UI, t e d  S t a t e s  each  y e a r ;  a:i amounc n e a r l y  e q u a l  t o  a l l  t h e  
c rude  o i l  we impor t .  Sumeroas s t u d i e s  have been p r e p a r e d  on t h e  
s ~ b j e c t  and v i r t u a l l y  a l l  have rec~mmcnded s u b s t a n t i a l  changes i n  
o u r  r e s i d e n t i a l  energy  use  p a t  t e r n s .  Clc : r  r l y  w e  cannot  r a p i d l y  
conver t  a l l  o u r  e s i s t i n g  b u i l d i n g s  to  e i~ r : , ; y  e f f i c i e n t  s t r u c t u r e s  
b u t  we can  d e f i n e  t h e  a r e a s  where t h e y  can  be e a s i l y  mod i f i ed  and  
w e  can  f i n d  o a t  how new s t r u c t u r c s  can t a k e  advantage  o f  cost 
e f f e c t i v e  components and t e c h n i q u e s  so  t h a t  o u r  f u t u r e  b u i l d i n g s  
v l l l  be des igned  t o  u s e  energy  as e f f i c i e n t l y  a s  p o s s i b l e .  
Many of t h e  t e c h n i q u e s  and components developed by NASA and  p r i -  
v a t e  i n d u s t r y  f o r  t h e  U.S. Aerospace program a r e  a p p l i c a b l e  t o  
t h e  b u i l d i n g  i n d u s t r y .  The o b j e i t i v c s  of P r o j e c t  TECH are: 
1. C o n s t r u c t  a  s i n g l e - f a m i l y  d e t a c h e d  d w e l l i n g  a t  
Langlcg k e s e s r c h  C e n t e r  t o  demons t ra te  t h e  a p p l i -  
c a t i o n  of advanced technology and  t o  minimize t h e  
requi remcnt  f o r  energy  and u t i l i t y  s e r v i c e s .  
2 .  l l e lp  i n f l u e n c e  f u t u r e  J eve lopn~cn t  i n  home c o n s t r u c t i o n  
by d e f i n i n g  t h e  inter-;dl-t i o n  o f  i n t e g r a t e d  energy  and  
wa te r  u~anagelnent systems w i t h  b u i l d i n g  c o n f i g u r a t i o n  
and c o n s t r u c t i o n  m a t e r i a l s .  
Th i s  r e p o r t  s t u d i e s  v a r i o u s  c o m ~ o n e n t s  and methods which a r e  be- 
l i e v e d  t o  have a good c h a n c e o f  b e i n g c o s t - e f f e c t i v e  o v e r  t h e  20 
yea r  span of  a  t y p i c a l  home mortgage,  assuming t l ~ c  g e n e r a l l y  
accep ted  f i g u r e  o f  a-lO",ncrcase i n  energy c o s t  each  y e a r  d u r i n g  
t h a t  p e r i o d .  Components chosen f o r  t h e  P r o j e c t  TECH house a r s  
e i t h e r  now a v a i l a b l e  t o  t h e  b u i l d i n g  i n d u s t r y  o r  a r e  l i k e l y  t o  
be  s o  b e f o r e  1981. Some a r e  i n  t h e  development s t a g e  a t  t h i s  
time bu t  many a r e  proven components. 
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In addition to building techniques and c.rmponents, considerable 
emphasis in this study was placed on the design of the Project 
TECH house in order to take advantage of the natural heating and 
cooling available at its specific site (adjacent to the Visitors 
Center at ) . Orientation and locdtion of windows, lad- 
scaping,natural ventilation, and characteristics of the local 
climate and microclimate are intended to be used to best advan- 
tage. Various plan and spatial relationships were studied in 
order to mximize natural -... i mechanical heating and cooling 
characteristics. 
It sHould he notcd that energy conserving homes are most efficient 
when carefully designed to fit specific sites with their particular 
characteristics of accecq, orientation to sun and winds, their 
history of weathe1 conditions and thermal requirements. For this 
reason Project TECH should not be cansidered a prototype sf mass 
producible design suitable for all locations. Rather it should 
be a research at~d development laboratory containing many indivi- 
dual components, systems and ideas with methods of analysis which 
can be applied to some degree in all housing. 
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The P r o j e c t  TECH house w i l l  c o n s i s t  o f  approximately 1500 s q . f t .  
o f  l i ~ i n g  space inc lud ing  a l i v i n g  room, k i t chen-d in ing  room, 
t h r e e  bedrooms, two bat l~rooms and laundry ,  p l u s  garage  and 01.t- 
door l i v i n g  a r e a .  
Because of t h e  ground water c o n d i t i o n  a t  t h e  s i te  (5 '  t o  7 '  below 
s u r f a c e )  t h e  house is b u i l t  o v e r  a crawl space r a t h e r  than  a f u l l  
baskmc.:~ t . 
The house i s  designed t o  make maxirnum energy s a v i n g  and c o s t - e f f e c -  
t i v e  use o f  NASA and i n d u s t r y  develuped components without requiri .j 
a s u b s t a n t i a l  change i n  t h e  l i f e s t y l e  of  t h e  occupants .  
The house is  t o  be occuyicd by a fami ly  f o r  a t  :east  one f u l l  yea r  
a f t e r  i t s  completion and w i l l  t h c a  be open t o  t h e  pub l i c .  
Space hea t ing  arrd coo l ing  u i l l  be provided by a s o l a r  c o l l e c t o r /  
r a d i a t o r  system wi th  thermal  s t o r a g e .  Th i s  system, and t h e  waste-  
water  p a r t i a l  rec lamat ion  system, a r e  b o t h  des igned by :.ASA/LRC 
f o r  t h i s  demonstrat ion p r o j e c t .  
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METHODS AND ARFM OF S T U D Y  
1. The A/E design team wrote letters to approximately 250 
manufacturers and organizations, who are known to be 
invo-ved in energy conservation in the building industry, 
requesting information on products or ideas which might 
be applicable to Project TECH. A library of reference 
material on energy conserving design was assembled, 
2. 'Technology components" were evaluated by the NASA team 
and by the ME. 
3 The A E design team prepared study designs for a one-story 
&e and a t-YO-story residence. lloth were evaluated 
for t ht i etal efficiency and for other program requirements. 
4. The A/E design team made cost vs. thermal performance stu- 
dies of various wall sections, r m f  sections, floor sec- 
tions and wit~low types to determine which components and 
assemblies provided the greatest net savings. 
5. The value of the solar heatinq and cooling systems were 
analyzed'in,.ar,..lrer as assemblies and component-s, 
except that certain parts of these systt?ms are essentially 
custom-made and therefore their cost m.: actually decrease 
over the next five years if they are ma>.. produced in 
a competitive market, 
6. Heat loss calculations for the proposed designs were 
analyzed and annual heat costs were projected as if the 
houses were to be heated by conventional air to air heat 
pumps. Estimated energy costs using solar space heating 
and cooling were prepared. 
7 , The effect of energy conservation on occupant life-style 
land vice-versa) was studied since ct-her studies have 
shown that energy consumption can vary widely from family 
to family. An information display system, which shows 
the occupant where and how energy is usia in the home, 
has been recommended for Project TECH. 
8. Waste water reclamation systems were designed by the 
NASA team. 
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be r e t a ined  o r  vented a s  necessaiy.  Appliances were 
recommended f o r  t h e i r  energy saving c h a r a c t e r i s t i c s .  
10. Sun angles  were ca l cu l ? t ed  and overhangs provided t o  
-
minimize sun l igh t  en t e r lng  through t h e  south windows 
between Apr i l  h d  September whi le  making provis ion 
f o r  t h e  c o l l e c t i o n  and use of  t h e  sun's  heat  ( inso-  
l a t i o n )  during the  winter  months. 
11. S i t i n g  and o r i e n t a t i o n  of t h e  res idence was s tud ied  
with t h e  i n t en t ion  of usi11g n a t u r a l  v e n t i l a t i o n  a s  
f a r  i n t o  t he  spr ing  and summer as poss ib l e  and again  
a s  e a r l y  i n  t he  f a l l  as poss ib le  i n  o rde r  t o  reduce 
t h e  energy required f o r  a i r  condi t ioning.  
1 2 .  Ven t i l a t i on  and Ai l f i l t ra t ion  were s tud ied  i n  order  t o  
m ~ n e  how t o  reduc- l o s s  i n  winter  and heat  
gain  i n  summer. 
13. F i r e  l aces  which are c f t e n  a ne t  energy l o s s  f o r  d ~ ,were designed t o  add heat  t o  t he  s to rage  
system. 
1 4 .  Costs f o r  the  construct ion of  Pro jec t  TECH were e s t i -  
mated f o r  two condi t ions:  
a .  The i n i t i a l  cos t  of t h e  res idence i f  b u i l t  by a 
homebuilding con t r ac to r  t o  s e l l  t o  t h e  homehrtying 
publ ic ,  assuming "mass produ.. : ion" p r i c e s  f o r  a l l  
components. 
b. The expected constr t tct ion cos t  t o  NASA a s  a research 
and development f a c i l i t y ,  assuming t h a t  many components 
must be "cus t t - t i i~  made". Cost es t imates  f o r  instrumen- 
t a t i o n  and recording of da t a  were prepared by t h e  
NASA team. 
CHAPTER 1 
RIES TO MANUFACTURERS AND ORGANIZATIONS AND LIBRARY OF REFERENCE 
I AL 
Letters of inquiry requesting information on energy and resource con- 
servation in housing were mailed to more than 250 manufacturers and 
organizations known to be involved in the design or manufacture of 
energy conserving components or sys tems. 
The mailing list was conlpiled by the A/E design tea3 from publica- 
tions and bibliographies on the subject. (Most manufacturers of 
building products are either actively engaged in research on energy 
conserving products or are considering such research in the near 
future.) Approximately 130 responses had been received up to the 
writing of this report and information contained in these responses 
was evaluated by the A/E design team during the process of component 
selection. 
Because extensive testing of components was beyond the scope of this 
study the A/E design team based its recommendations on information 
supplied by man~~facturers, testing organizatiolrs and their own ex- 
perience. The A / E  design team also assembled a small library of 
publications on the subject of energy conserving design and analysis. 
The following is a bibliography of those publications: 
BIBLIOGRAPHY 
Alternatives to Collecting Sunshine in the Shade 
ss - Donovan 4 Bliss - Chocorua, Newhampshire 
Alternative Natural Energy Sources in Building Design 
s & Schubert - 1 9 n  
Application of the Sun's Angular Values to the Design of Buildings 
now to use the Sun Angle Calculator - Libby Owens Ford Glass Co. 
- 
Toledo, Ohio - 1951 
ASHRE.E Guide 6 Data Book 
'Applications - 1968 
ASHRAE Handbook of Fundamentals 
972 
Condensation Problems in Your House - Preventions and Solutions 
U.S. Dept. of Agriculture, Tntormatlon Bulletin 8373 - 1974 
Direct Use of the Suns Ener 
Farrington Daniels - Yale Un?versity Press - 1964 
Design Criteria for Solar Heated Ltii ldin s 
Everett Barber, Jr. t Donald W atson, Sunworks, Inc., Cuilford, 
Connecticut - 1975 
Desi~n with Climate 
Bioclimatic Approach to Architect~tral Regionalism by Victor Olgyay 
,Princeton University Press - 1973 
Energy Conservation in mildings 
Techniaues for economical design - C.W.Criffin - The Construction 
~~ecifications Institute - 197; 
Energy Conservation in Buildings - New Roles for Cities and Citizen 
GP= - Bander, Bergheim, Hamilton, King and dald - The National . eague of Cities and U.S.Conference of Mayors and the Energy Policy 
Task Force of the Consumer Federation of America - 1975 
Energy Conservation Design Guidelines for Office Buildings 
General Services Administration - Public Building Service - 1974 
y Conservation Potential of Winter Thermostat Reductions 
Setback - David A ,-- -1'97 5 
Energy Primer 
Solar, water,uind and biofuels - Portola Institute - 1974 
Fed. Energy Admin. Project Independence Blueprint 
Final Task Force Report - National Science Foun.;~tion - 1974 
 andb book of Air Conditioning, Heating and Ventilating 
Clifford Strock, Ed. - The Industrial Press - 1- 
Insulation Manual - Homes, Apartments 
Research Foundation, Inc. - 19- 
The Last Whole Earth Catalog 
Portola Institute - 1971 
Mechanical and Electrical Equipment for Buildings, Fourth Edition 
kcGu'lness, Stein, Gay and Fawcett - John Wiley and Sons - 1964 
Mineral Resources and the Environment 
National Academy of Science - 1975 
New Insights into Energy Use and Conservatio~t in Structures 
National ?s . , 
Residential Energy Conservation 
Rittman Assoc. for Dept. of HUD, HUD.HA1.8, Office of the Assist. 
Sec. for Policy Development and Research - 1974 - also ~lUD.HA1.1 
Solar Energy Home Design in Four Climates 
Total Environmental Action - 1975 
Solar Heated Buildings 
A brief survey, W. A. Shurcliff - 7th. Edition, Cambridge, Mass, 1975 
Solar Heati Proof of Concepts Experiment for a Public School 
lG'iXhe 7934 - National Science Foundation - 1974 
The Value of Thermal Insulation in Residential Construction - 
Economics and The ?onservation of Energy - John L. Mayers, oak 
Ridge National ~ a b .  - 1971 
Whole Earth Epilo 
Penquin Books - 1 
Retrofitting Existing Housing for Energy Conservation: An Economic 
Anal sis - National Bureau of Standards- Building Science Series 64 
er 1974 (U.S. Govt. Printing Office Catalog No. C13.29:2/64) *
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CHAPTER 2 
"TECHNOLOGY COMPONENTS" 
A list of "technology components" was suggested for consideration. 
The items were evaluated by the A/E design team and the NASA team 
to determine which were appropriate for installation and further 
use-testing in the Project TECH house. The results of that evalu- 
tion are as follows: ' 
1 
1. Flat conductor cable system recommended for use as power con- 
ductors in a baseboard enclosure system in livi'ng room and 
bedrooss. Also recommended for use as switching-circuit 
conductors For low voltage switching system for lights, 
switched outlets, thermostat control wiring and doorbells. 
Reasons : 
A. Current carrying capacity of flat cable conductor is 
greater than that of the equivalent cross sectional 
area of solid round wire. 
B. Use of F.C.Conductor in low voltage switching circuits 
substantially reduces the amount of copper required 
to wire a residence, 
C. Installation of baseboard-enclosed FCC circuits and 
surface applicd switching circuits could substantially 
reduce electrical installation costs. 
Reasons : 
A. Shrinkage and expansion with changes in humidity 
make joi11 i ilg for sn~ooth surfaces difficult. 
B. Denting or corner damage during shipping may cause 
substantial waste on job. 
C. More r,xpensive than gypsum board 
D. Not .s good as gypsum board for fire protection of 
Strl cture. 
3. Fire and Security Systems - Ionization smoke detectors and 
intrusion detectors are recommended with an integrated alarm 
system independent of electrical system of house. 
Reasons : 
A. Ionization type smoke detectors sense combustion 
products before they are noticeable to occupants, 
allowing adequate time for escape from building, 
(Most fire related deaths result from smoke inhalation) 
B. An integrated fire-security system with strobe-lite 
indicator on roof would assist fire and police 
departments in locating residence in an emergency. 
C. Automatic battery charging by house current assures 
that system will be operational clu~ing a power failure. 
D. Solar battery charging is not cost-effective. 
4. Solar Collectors/Nighttime Radiators with Heat Pump are recom- 
-
mended for the residential heatinn svstem althounh not m e -  
" # " 
sently cost effective. * 
'Reasons : 
A. Electricity as fuel will be available from various 
central sources; (petroleum, solar, gas, hydrogen, 
wilrd, etc.) 
B. Heat pumps are substantially more efficient than 
electric resistance heat especially when used with 
a solar heat source. 
C. Good climatlc conditions exist at site for solar 
heat collection. 
D. Further study and instrumentation of solar-heating/ 
radiative-cooling systems is essential in order to 
refine designs . 
5. Advanced Systems control concept is recommended. 
Reasons : 
A. 'Accurate control of heating and cooling systems can 
result ;:I substantial energy savings. 
B. Systems will become cost effective through develop- 
ment of Integrated Circuitry for heating system 
controls. 
6. Waste water partial reclamation system is recommended. 
Reasons : 
A .  Partial recyling of waste water can reduce demand 
on (and cost of) sewerage systems, treatment plants, 
water supply systems. 
B; Such systems reduce damage to the environment. 
C .  Such systems are cost effective in areas where pre- 
sent types of systems are either marginal or im- 
practical. 
7 .  Fire extinguishing systems in key areas of house are not recom- 
mended. 
Reasons : 
A. Danger to occupants is inherent in systems which de- 
prive oxygen from combust ion. (Possible exceptions 
are detergent foams or water sprinkler systems.) 
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B. Major 0 1 - i e c t i v e  i n  c a s e  of  f i r e  is t o  g e t  occupan t s  
o u t  o f   he house b e f o r e  i g n i t i o n  o c c u r s .  
C . Difficulty i n  determining w h i c h  areas to protect .  
D. A c c i d e n t a l  d i s c h a r g e  o f  an e x t i n g u i s h i n g  sys tem 
cou ld  cause  s u b s t a n t i a l  d.image o r  i n j u r y  t o  people and  
property. 
8. Heat p i p e  sys tems  a r e  recommended l o r  r e c a p t u r e  o f  h e a t  from 
wastewater  and p o s s i b l y  from f i r e p l a c e  f l u e .  
Reasons : 
A.  Recapture  of h e a t  o t h e r w i s e  was ted  can  c o n t r i b u t e  t o  
rtaduced energy  u s e .  
B.  Heat p i p e s  can  e f f i c i e n t l y  t r a n s f e r  was t e  h e a t  from 
t h e  was tewater  h o l d i n g  t a n k  t o  t h e  h e a t  c o l l e c t i o n  
and s t o r a g e  sys tem.  
9. Emergency L i g h t i n g ( s o 1 a r  c e l l  powered) is  n o t  recommended. 
Reasons : 
A .  Convent iona l  emergency l i g h t i n g  sys t ems ,  i n  which 
b a t t e r i e s  a r e  kept  charged  by house c u r r e n t  u n t i l  
u sed ,  a r e  a d v i s a b l e  f o r  2 u b l i c  b u i l d i n g s  o r  two 
s t o r y  houses ,  when a power f a i l u r e  o c c u r s  c o n c u r r e n t l y  
w i t h  a  f i r e  o r  o t h e r  emergency, i n  o r d e r  t o  p rov ide  
l i g h t c  ! e x i t ~ . . ~ y s .  
H. 'The a d ~ e J  expense of c h a r g i n g  b a t t e r i e s  by s o l a r  c e l l  
cou ld  no t  be  j u s t i ~  ~ e d  as c o s t - e f f e c t i v e ,  
10.  Intumescent  p a i n t  f o r  f i r e  p ro t ec t lo11  i s  no t  recommended. 
Reasons : 
A .  ln tumescent  ( i n o r g a n i c  p a i n t  which forms a p r o t e c t i v e  
foam when s u b j e c t e d  t o  h i g h  t e m p e r a t u r e s )  i s  des igned  
t c .  p r o t t - z t  exposed me ta l  s t r u c t u r a l  components from 
f a i l u r e  i n  a f i r e .  Such p a i n t  would p r o v i d e  no 
g r e a t e r  p r o t e c t i o ~  t o  a  de t ached  house t h a n  would 
gypsum board.  
B. Intumescent p a i n t  g i v e s  o f f  t o x i c  gas  when h e a t e d  t o  
a t empera tu re  h igh  enough f o r  i t  t o  f u n c t i o l ~  as a  
p r o t e c t i v e  c o a t i n g .  
11. S p e c i a l  f i r e  r e t a r d a n t  m a t e r i a l s  f o r  c u r t a i n s ,  c a r p e t s ,  e t c .  
a r e  recon~mended. 
Reasons : 
A .  Most r e s i d e n t i a l  f i r e s  s t a r t  i n  t h e  c o n t e n t s  o f  t h e  
home r a t h e r  t h a n  i n  t h e  s t r u c t u r e .  
B .  C u r t a i n s  and w a l l  n u t e r i a l s  have t h e  g r e a t e s t  l i k e l i -  
hood of  f lame sp read  because they  a r e  o r i e n t e d  v e r t i -  
c a l l y .  
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1 2 ,  "Sup5rvv -. i n s u l a t i o n  i s  rccommcnded where c o s t - e f f e c t i v e  and s a f e .  
Reasons : 
A .  P l a s t i c  foam m a t e r i a l s  have a  g r e a t e r  r e s i s t a n c e  t o  
h e a t  t r a n s f e r  t han  most o t h e r  forms of  i n s u l a t i o n .  
B .  Urea formbldehyde and /o r  I l r e th sne  foams u s i n  
i s o s  a n a t e s  compounds a r e  nor-recommended ex!ept when 
*urrouXF~-ly f i  r ep roo f  m a t e r i a l  . 
C. l l rea  t r i - b o l y m c r  foams re'commendcd due t o  t h e i r  
T i r e - r e s i s t a n t  L l u a l i t i e s - : ~ n d  good i n s u l a t i n r *  v a l u e = .  
D .  Low f lame s p r e a d  styroi'oarn I r l su l a t i on  is   re^ l~nmended 
w h e r e r i F Z Z 7 n a y  I,c n e c e s s a r y  [r 
mctei- i n s u l a t i o n ,  c t c . )  and be;ow grade .  
"l;olamite" garage  d o o r s  a r e  not recommended. 13.  - 
Reasons : 
A .  Not c o s t  e f f e c t i v e  
14. "I.o\J no i se"  f low v a l v e s  f o r  ~ i r  supp ly  d u c t s  a r e  rccommendcd 
rf c o s t  e i f e c t i v c .  
- - 
. Smal le r  ( l e s s  expcns i v e )  d u c t s  s u p p l y i n g  h i  gher 
v c l o c i t y  a i r  co111cl be use3 i f  n o i s e  cou ld  IJC 
reduced .  
15.  S o l i d  S t a t e  a l i d n c e  c o n t r o l s  recommcndc~i f o r  s u r f a c e  
cooking  -3-- u n i t  i ava i  I= 
FLlt\T CONDUCTOR CAB& 
6 
FCC BASIBOAliD SYSTifit 
I 
Figure 1. Circuit Breaker Panel ! ' ' ~igu;r 3. Smp-on Covet 8arrboord Sys&Om 
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CILAPTER 3 
STUDY DESIGNS 
The A/E des ign  team began by s tudy ing  one and two s t o r y  b u i l d i n g  
shapes wi th  regard  t o  minimizing h e a t  l o s s  and maximizing h e a t  
ga in  (with a  maximum number o f  s o u t h  f a c i n g  windows). T h i s  l e d  t o  
two basic b u i l d i n g  shapes ;  a  compact, cub ic  shape f o r  low h e a t  l o s s  
desir;lr and a l i n e a r  shape o r i e n t e d  cas t -wes t  f o i  h igh  h e a t  ga in  
des ign .  S ince  t h e  hea t  ga in  minus hea t  l o s s  was g r e a t e r  f o r  t h e  
l i n e a r ,  ga in  type  design;, t h i s  approach was f u r t h e r  developed. 
In o'rder t o  cons ide r  t h e  l a r g e  number of v a r i a b l e s  involved i n  
thermal  a n a l y s i s  , such a s  o r i e n t a t i o n ,  s i t e  l o c a t i o n ,  components 
and systems,  t h e  A / E  des ign  team chose t o  develop two i n i t i a l  
f o r  a n a l y s i s .  These two d e s i g n s  were c a l l e d  - and 
e a t  Ga i s  1 - s t o r y ,  and Heat Gain - 2 s t o r y ) .  
P lans  and e l s v a t i o n s  of t h e  2 s tudy d e s i g n s  (both 1400 s q . f t .  i n  
f l o o r  a r e a )  were developed and hea t  l o s s  c a l c u l a t i o n s  showed t h a t  
whi le  both  were q u i t e  e f f i c i e n t ,  HG2 was about  14% t o  18% b e t t e r  
than  H G 1  when t h e i r  e s t i a m t c d  annual heat l o s s e s  were compared. 
The p o s s i b l e  annual hea t  g a i n  of  i f G 1  was, however, s u p e r i o r  t o  HG2 
due t o  t h e  g r e a t e r  amount of g l a s s  are.; exposed t o  w i n t e r  sun. 
A modified v e r s i o n  of  H G 1  was chosen f o r  f u r t h e r  a n a l y s i s  and 
aevelopment . 
Reasons : 
A .  S u b s t a n t i a l  f l o w  a r e a  i n  HG2 was taken up by s t a i r s  
B. A s h o r t e l  ,bnd wi4er  v e r s i o n  of HC1 could  reduce heat  l o s s .  
C .  tiG1 \ ; i n t e r  h e a t  s k i n  was g r e a t e r  than  HG2.  
D. Window shading was !ess  ehpensive i n  I I C l  t han  i n  11G2. 
. C i ~ . i u l a t i o n  p r o b l e ~ ~ l s  a f  opening t h e  11uuse t o  t h e  p u b l i c  
were reliticed i n  a  one-s to ry  v e r s i o n .  
F.  Mechanical systems a r e  s i m p l i f i e d  i n  a  one-s to ry  res idence .  
A s tudy des ign  c a l l e d  l l G l B  was then developed by t h e  A/E  des ign  team. 
This  v e r s i o n  is  more r e c t a n g u l a r  than  tIG1 and is  e s s e n t i a l l y  a 
"shed" s t r u c t u r e  which uses  t h e  s o l a r  c o l l e c t o r s  a s  t h e  sun shading 
. d e v i c e  f o r  s o u t h  f a c i n g  g l a s s  a r e a s .  
Study des ign  H G l C  was a  r e f i n e d  v e r s i o n  of  R C l B  
The f i n a l  s tudy des ign  ZIGlD i s  a  f u r t h e r  ref inement  w i t h  1500 s q . f t .  
of f l o o r  a r e a .  
Conf igura t ion  of H G ~ D  
1. Efficient r e c t a n g u l a r  shape wi th  long a x i s  o r i e n t e d  eas t /wes t .  
2.  Large south-fac i l lg  g l a s s  a r e a s .  
3. Shading of sou th  windows a l lows e n t r y  of  win te r  sun ,  excludes 
summer sun.  
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4 . .Solar collectors act as sunshades. 
5. Garage located to protect house from North wind. 
6. One room depth for good cross ventilation. 
7. Hallway acts as heat collector. 
8. Plumbing of bathrooms centrally located. 
9. 2 interior fireplaces for alrxill :ary heat. 
10. "shed" structure for ease of construction. 
11. Attic belvedere configuration to aid summer ventilation. 
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CHAPTER 4 
THERbaAL AMALYSIS/COST STUDIES 
The A/E des ign team analyzed var ious  w a l l  s ec t ions ,  c e i l i n g  and 
roof sec t ions ,  windows and doors  t o  determine which would be 
most cos t  e f f e c t i v e  f o r  t h e  Norfolk area. 
Basic s e c t i o n s  were chosen t o  provide a comparison. Each s e c t i o n  
s tudjed was compared t o  t h e  ebase" both i n  terms of  i n i t i a l  cost 
and thermal e f fec t iveness .  The "basew used was t y p i c a l  construc-  
t i o n  fo r  1 9 7 4  e l e c t r i c a l l y  heated Ilomes. 
A component o r  assembly was deemed to be "cost -effect ivea  i f  it 
satist i ed  t h e  following test : 
"The added i n i t i a l  cos t  (through 20 yea r  mortgage 
payments) of  t h e  asserm~ly or component (or its 
estimated added i n i t i a l  cost by 1981) must be re- 
paid to t h e  buyer through energy or o t h e r  savings  
e f f ec t ed  by t h e  assembly ar component over t h e  
l i f e  of t h e  mortqage." 
For purposes of t h i s  cost -effect iveness  study,  a twenty yea r  mortgage 
a t  an i n t e r e s t  rate of 10% w a s  assumed and an  inc rease  i n  energy costs 
of 10% per year was also assumed, A base cost of  $.05 per Kwh w a s  
used and, ai t h e  above rate of increase ,  r e s u l t e d  i n  an-average cost 
of $.143 per  Kwh over t h e  20 year  mortgage period. 
For example: 
A s s u m e  w a l l  assembly A costs $114.00 more t o  bu i ld  than t h e  base w a l l  
sec t ion  but  saves  an  average o f  $63.00 per  year  i n  energy cost. It 
would c o s t  t h e  buyer of t h e  house about $13.30 per  year  t o  borrow 
t h a t  $114.00. The ne t  savinas  t o  t h e  owner is  the re fo re  $49.70 per  
-year,  over t h e  l i f e  of  t h e  mortgage. 
For t h e s e  purposes t h e  l i fe -cyc le  of  t h e  res idence  is assumed t o  be 
twenty years  al though i n  f a c t  i t  would probably be more. 
It is i n t e r e s t i n g  t o  note ,  i n  t h e  example above, t h a t  i n  t h e  f i r s t  
year t h e  ne t  $ savings f o r  wall  :-tion A is only about $8.70 while 
i n  t h e  last  year of t h e  mortgage (because of t he  10% per  year  f u e l  
c o s t  increase)  t h e  energy saving would be about $121.70. Over t h e  
twenty year  mortgage term t h e  owner would have saved approximately 
994 -00 net .  
This se rves  t o  i l l u s c r a t e  t h a t  most energy conserving assemblies 
and components (purchased a t  today 's  p r i c e s )  w i l l  save t h e  same 
amount of energy tomorrow a s  they do today, but a t  much g r e a t e r  
d o l l a r  savings t o  t h e  owner. 
Based on the Component and Assembly Cost Effectiveness S t ~ d y  (see 
Appendix I), the tollowing selections were made: 
WALLS: 2 x 6 wood stud with 5 1/2* urea tri-polymer 
foam insulation, R=24 -68 
FtaT CEILINGS: 6" fiberglass insulation @ceilings and 
6" fiberglass insulation @roof, R = 44.39 
SLOPED tBILX NGS : 6" fiberglass insulation (base selected), 
R = 22.63 
6" fiberglass insulation (base selected), 
R = 24.25 
THERMAL SHUTTERS: 1 1/2* urea tri-polymer foam in wood and 
masonite frame, weatherstripped, R = 11.35 
ENTRY DOORS: 
PATIO DOORS: 
WINDOWS: 
Therma-Tru - with magnetic seal 
Aluminum with thermal break and insulating glass 
Reynolds u = -65 I=. 08 CFM/SF 
Aluminum with thermal break design and insulatinq 
glass 
Alcoa, rolling u = .57 I=,23 CFWlfc 
Wood with triple glazing or equivalent, storm and 
insulating glass 
Andersen (sliding) u = .53,.33 I=. 25 CFWlf c 
These components/assembly selections and their anticipated costs and 
savings (see Appendix I) are specific to the Norfolk, Virginia climatic 
conditions and to the specific siting configuration, and mechanical 
design of H G l D .  
The house used as a basis of comparison is assumed to have R=13 fiberglass 
in the walls, R=22 fiberglass in the ceiling and first floor, and insula- 
ting glass in patio doors and windows. This is a very well insulated 
house by 1974 standardg. The effect of this high base standard of insula- 
tion on the study was to demonstrate that additional insulation conforming 
to or exceeding this level of cost effectiveness and total energy savings 
is economically feasible now. 
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Proposed Construction Assembly 
ROOF d SLOPED CEILINGS 
THERMAL SHUTTERS 
1 1/2" urea tri-polymer 
(R = 11.35) 
LNING SPACE 
I 
i 
----.- 
. CRAWL SPACE 
I 
foam 
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SOLAR WATIMG AND COOLING SYSTE!S 
The MASA team has proposed a s o l a r  heating and cooling sys tan  using 
f l a t  p l a t e  l i q u i d  collectors, nighttime radiator and water heat 
storage. 
An electric powered heat  pump is used to t r a n s f e r  heat  (or cold) 
between the  s torage  and t h e  heated space of t h e  house. 
. 
The A/E design team has estimated t h a t  approximately 320 square f e e t  
of f l a t  p l a t e  co l l ec to r  a rea  can supply v i r t u a l l y  all of the  req!.ire- 
ments f o r  space heating and domestic hot water of 
One of t h e  purposes of H C l D  is t o  provide NASA with a s p e c i f i c  house 
design which can be used i n  a computer model f o r  ana lys is  of the  
heating and cooling system. It is expected t h a t  the  cha rac te r i s t i c s  
of HGlD, weather bureau da ta  and t h e  cha rac te r i s t i c s  of t h e  heating 
system can be analyzed t o  determine t h e  f i n a l  system configuration. 
The A/E design team has several  recommendations f o r  t h e  heating and 
cooling system: 
NASA HEATXNC AND COOLING SYSTEM 
A/E design tern recoraeaendations: 
1. On the  occasisns when na tura l  heat gain through south windows 
(Sept. t o  April)  exceeds t h e  heating requirement of the house, 
the  system should be able to cool the  house and t r ans fe r  the  
extracted heat t o  storage. 
2. Suuuner design temperature should be maintained no lower than 
75 degrees F. 
3. Winter design temperature should be maintained no higher than 
68 de rees F. during the day and 65 deqrees between midnight *
4, Relative humidity cont ro l  is an important comfort f ac to r  i n  both 
summer and winter and should be maintained a t  about 60%. 
5, Cost effect iveness  s tudies  should be made comparing the  system 
with a conventional a i r  t o  air heat pump system and heat and conven- 
- 
t i o n a l  a i r  conditioning system. 
6 .  Studies w i l l  probkbly show t h a t  the  water w e l l  system is not 
cos t  e f fec t ive  but t h e  A/E believes t h i s  aspect should be 
t e s t ed  and analyzed. 
7. Heating zones i n  the  house should be kept t o  a minimum fo r  
ease of operation. 
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8. *-Door closers should be installed on exterior doors and on 
doors between living r o o m  and hallway. 
9.  Primary air returns should be located in hallway near bathrooin 
and at highest part of living room ceiling. 
10. If possible, a variable speed fan motor should be wed in the 
house air handler to control duct air velocity when all but 
one zone damper is closed. 
11.- The solar collector array should all- for future enlargement. 
HGlC provides space for a maximum of 525 gross sq.ft. of 
collectors (approx. 500 sq.ft. net). 
12. Solar collector absorbers should be constructed of copper 
to provide longest life cycle and greatest corrosion resis- 
tance. 
13. Solar collectors chosen for use should be protected against 
freezing or "raeltdawnw, (recommended types are: - PPG, Sunworks 
or Revere) and should be chosen based on performance and 
guarantee. 
14. Heat storage tank should be chosen for cost and resistance to 
corrosion. (concrete, fiberglass, etc.) 
15. Careful infiltration/exfiltration control by tight sealing of 
construction is important. 
16. Recovery of heat from exhausted ventilation air would be highly 
desirable. 
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NASA tern. init ial  project goals 
CEVRAL HEATING 
CEMTRAL A I R  ~OHDITIOCQIW6 
HOT WTER HEATING 
L I GHTS 
RANGE 
REFR IGERATOR/FREEtER 
CLOTHES DRYER 
COLOR TV 
FURNACE FM 
DISHWASHER 
CLOTHES WHEP 
IRON 
COFFEE MKER 
flISC. 
COHTEPRMRY 
HOUSE (W-HR) 
29 , 300 
3,600 
4 , 380 
2,000 
1 , 175 
1 , 830 
993 
500 
394 
363 
103 
144 
. 106 
1,112 
7 
TOTAL 46,000 
BATH I NG 
DISHWASHING 
LAUNDRY 
CLEM I MG 
TO I LET 
MISC. 
TOTAL 
COWERPORARY 
HOUSE (GALS. 1 
22 , 265 
2,920 
5,840 
2,190 
32 , 485 
7 , 300 
-
73,000 
OBOJECT TECH 
HOUSE (W-HR) 
6 J r n  
2,300 a- 
1,500 
1, OOO 
600 : 
1,200 
400 
250 
440 
200 
90 
130 
90 - 
1, OOO 
i5iw 
PROJECT TECH 
HOUSE (GALS. 1 
16, 480 
2 , 190 
5 , 840 
2,190 
0 
7,300 
LL_ 
34 , 000 
* FAMILY OF FOUR 
** DOES MOT INCLUDE LAWN WATERING 
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CHAPTER 6 
HEAT W S S  CALCULATIONS AND 20 YEAR HEATING-COOLING REQUIREMENTS 
Estimating the life cycle savings of energy conserving components 
is a difficult matter for several reasons: 
1. Initial assumptions about fuel cost increases must be made 
2. Weather and temperature conditions vary from year to year 
3. Occupant lifestyles strongly influence energy consumption 
4. Building and W A C  systems must be designed concurrently 
5. All components have different rates of *pay hck* 
6. Each component affects every other component. 
The A/E design team has prepared designs and comparisons which can 
act as the basis for a NASA computer rogram to analyze or model 
the design in a more detailed manner furin( the final design phase. 
The Study design HGlD was compared with a "basen house of the same 
configuration but without energy conserving components. The compari- 
son was made for two purpos~s: 
A. To show the difference in life-cycle heating energy costs 
between the hbasea house and HCln assuming a heat pump 
warm air heatina system is used in both. 
B. To determine w 6 t  idditional amount could be invested in 
a solar heating heat-pump system to provide 100% of annual 
heating, cooling and hot water requirements. 
The latter is essentially .I comparison of H G l D  with normal heat pump 
and HGlO with solar/heat pump system. 
Note: A summary of the results of this study appear at the end of 
this chapter. Detailed heat loss and energy requirement 
calculations are contained in Appendix 11. 
HEATING the "BASEN HOUSE Annual requirement 88t12 Kwh/yr . 
20 year heating requirement = 177.240 Kwh 
ASSUMPTIONS: 
Normal 1974 insulation for electric heat 
Non "thermal breakn windows and sliding doors 
Normal vapor barrier and infiltration 
NO recapture of heat from exhausted air 
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recap ture  of  hea t  from pass ive  s y s t e m s  
Air t o  A i r  heat  p w  (C.O.P. = 2.0) 
25% of  a c t u a l  i n s o l a t i o n  hea t  g a i n  is usable  
Electric hot water h e a t e r  
- - -  - - - - - - - - 
Fuel c o s t  increases  and mortgage rates descr ibed i n  Chapter 4 
Ease house 20 year hea t ing  cost $25,343. 
HEATING HGlD HOUSE Annual requirement 3097 Kwh 
20 year hea t ing  requirement = 61.940 Rwh 
ASSUMPTIONS : 
Increased i n s u l a t i o n  as proposed 
Thermal break windows and s l i d i n g  doors 
Improved vapor barrier and i n f i l t r a t i o n  c o n t r o l  
Recapture 33% of  hea t  from exhausted air  
Recapture hea t  from pass ive  systems 
A i r  t o  A i r  hea t  pump (C.O.P. = 2.0) 
50% of a c t u a l  i n s o l a t i o n  hea t  ga in  is usable  
Electric hot  water h e a t e r  
Fuel c o s t  increases  and mortgage rates descr ibed i n  Chapter 4 
20 year hea t ing  c o s t  $8857. 
- 
The d i f f e r ence  between t h e  two analyses  above t r a n s l a t e s  i n t o  a 
l i fe -cyc le  savings of $16,488 i n  heat ing cost a lone  r e s u l t i n g  from 
t h e  add i t i on  of t h e  energy conserving components (exclusive  o f  t h e  
s o l a r  hea t ing jhea t  pump system). 
I n  o rder  to determine t h e  additional investment which could brl j u s t i f i e d  f o r  t h e  s o l a r  heating/h s stem ( t h e  cool ing 
por t ion of t h e  ana lys i s  and hot  water e %'+  st ng are f igured  separa te ly)  
t he  fo!.lowing approach w a s  used: 
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HEATING 
1. The total 20 year cost of heatins HGlD is $8,857 as described 
above. 
2. The total 20 year cost of operating the solar heating/heat p q  
0 stem to provide 100% of th +- e total space heating requirement s estimated to be $3,729. This fiaure assumes a Coefficient 
of Performance for the solar heatinG/heat pump system of - 4 - 7 5 .  
3 . The difference between 1 and 2 above is $5 128 which is the 
total fuel savings over 20 years which W o w e s u l t  from the 
-use of the solar heating/heat pump system instead of the 
conventional air to air heat pump. 
4. Based on the above totals, if a home buyer could borrow $2,203. 
to finance the additional cost of the solar heating/heat pump 
system, his mortgage payments over the 20 year period would 
equal the fuel cost savings of $5,120. 
The NASA team has estimated that a contemporary house of 1500 sq, ft. 
would use 3600 ~ w h  annually for central air conditioning. 
In order to determine the initial investment which could be justified 
for the nighttime radiator/heat pump cooling portion of the 
system, the following approach was used: 
1. The A/E design team estimates that as a result of the energy 
conserving construction of H G l D ,  the annual energy requirement 
for cooling would be approximately 3000 Kwh using an air to air 
heat pump. (C.O.P. = 2.0) 
2. If the C.O.P. of the proposed nighttime radiator/heat pump is 
4.75 the total energy requirement over the 20 year period would 
be 60,000 Kwh or $8,580. 
3 .  The difference between 1 and 2 above is $4,967 which is the 
total fuel savings over 20 years resulting from the use of the 
nighttime radiator/heat pump portion of the HVAC system in- 
stead bf an air to air central system. 
4. If a homebuyer could borrow $2,134 to finance the additional 
cost of the nighttime radi~to-t pump, his additional 
mortgage payments over 20 years would be - $4,967. (Equal to the 
total fuel savings.) 
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DOMESTIC HOT WATER 
The NASO team has estimated that a typical contemporary house uses 
4380 Kwh/year for heating domestic hot water. 
In order to determine the additional investment which could be 
justified for the solar heated h~: water portion of the mechanical 
system, the following approach was used: 
1. The A/E desi~n team estimates that through the recapture of 
same heat from the waste water system and other conservation 
'measures, the HGlD house hot water system might use 4160 Kwh/ 
year if heated by an electric resistance hot water heater. 
The total energy requirement over the 20 year period would be 
83,200 Kwh ar $11,898. 
2. Assuming that the solar hot water system can provide 80% of 
the requirement at virt.~dliy no energy cost and the balance 
from the heat pump systea; at a C.O.P. of 4.75, the annual 
energy requirement would be about 175 Kwh. 
The total energy requirement over the 20 year period would be 
3500 Kwh or $50C. 
3. The difference between 1 and 2 abwe is $11 398 which is the 
total fuel saving over 20 years which wo-lt from the 
use of a solar heated domestic hot water supply instead of an 
electric hot water heater. 
4. Maintenance and replacement costs would be approximately equal. 
5. If the home buyer could borrow - $4900 to finance the additional 
cost of the solar heated hot water system, his mortgage pay- 
ments over the 20 yedr period would 3e $11,354 -- (almost equal 
to the cost savings.) 
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CONCLUSIONS 
~ o t a ~  Energy Costs Over 20 Year Period f o r  WAC and Domestic Hot Water 
HEATING COOLING HOT WATER 
-
TOTALS 
Base House $25,345 $10,296 $12,527 $48,168 
HGlD W/ 
conventional 
system $ 8,857 $ 8,580 $11,898 
HGlD w/solar 
co l l ec to r s /  
night  rad. 6 
heat  pumps $ 3,729 $ 3,613 $ 500 
Note: A 10% per  year  f u e l  cost inc rease  s t a r t i n g  wi th  $.05 per  Kwh 
i n  1975, (thus an  average c o s t  of  S.143 per Kwh over t h e  20 
year  period] was used. 
Difference i n  anerg l  cost between HGlD wi th  conventional  HVAC and 
hot water s y s t ~ m s  and HGlD with  s o l a r  heating/nightt ime r ad i a to r /  
heat  pump system i s :  
The A/E design team estimates t h e  a d d i t i o n a l  cost of  t h e  proposed 
s o l a r  heat/nightt ime rad ia tor /hea t  pump/solar hot  water system 
would be approximately: 
$5,000. i f  mass produced 
__. 
Tota l  payments on a $5,000 rnorigtige (20 yea r s  a t  10% pe r  year)  aret 
Result: A ne t  savings of $9,911. over  20 years .  
-
Note: The "break even" investment i n  solar heat ing,  cool ing anil hot  
water (where t o t a l  mortgage payments equal  t o t a l  energy c o s t  
savings) is  approximately : 
This is  t h e  m~ximum investment i n  addi t ion  to  t h e  c o s t  of a corhen- 
t i o n a l  system i f  t h e  system i s  t o  be paid o f f  i n  exac t ly  20 years .  
Any initial investment less than $9,232 would r e s u l t  i n  a c o s t  
saving t o  t h e  owner a n d ] F a  shor tening of t h e  payback t i m e .  
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CHAPTER 7 
EFFECT OF ENERGY CONSERVATION ON OCCUPANT LIFESTYLE 
Studies have shown wide variation in energy consumption of families 
living in nearly identical residences . The reasons appear to lie in 
the attitudes of the occupants,their education about energy use, and 
lifestyle. 
Recommendations: 
1. The simplest possibl for heating and cooling 
are recommended and as automatic sat possible. 
2. Education of the occupants in the techniques of energy conser- 
vation is important. 
3. NASA expertise in the field of data gathering, processing and 
display could be effectively used in Project TECH to inform 
the occupants where and when most energy is used. A d m  
aisplay panel at the desk in the kitchen area could provide 
information on energy demand and daily, monthly, yearly 
seasonal totals of kilowatt hours used and dollars expended 
on energy. (This would be particularly effective as a display 
when the house is open to the public). It is expected that 
by providing the occupants with up to date information, a change 
ia attitude toward energy use would develop. 
4. The A/E design team recommends incentives toward energy conser- 
vation rather than "central" wherever possible. 
5. The use of doors between the sleeping area and living area are 
recommended for better zone temperature control. 
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CHAPTER 8 
WASTE WATER RECLAMATION 
The NASA team has designed a waste water partial reclamation system 
which when combined with other water saving strategies, should 
reduce water consumption by more than 50%. The system would also 
reduce requirements of sewerage system. 
The system is to be located in the 3'  high crawl space of the house 
as close as possible to bathrooms. Waste water from sinks, bath- 
tubs, dishwashers and laundry will be collected, chlorinated, fil- 
tered and recycled for use as toilct flushing water. Waste from 
toilets will go Cirectly to sewer. 
The A/E design team recommends the use of this system in the Project 
TECH house in order to refine the design and obtain data on cost 
and on water saving capability in actual use. 
There are several possible disadvantages to the system which should 
be evaluated during testing: 
1. High initial cost vs. savings. 
2. Space requirement. 
3. Maintenance by owner(month1y draining or clean out). 
4. Electrically driven pump (energy required) (operation during 
power outage). 
5. Care must be taken to make sure there is no back up of 
waste water into fresh water supply. 
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APPLIANCE CONTRIBUTION TO ANNUAL HEAT REQUIREMENT 
APPLIAMCE -TIOMS 
A l l  heat producing appliances normally cont r ibute  t o  heat within 
the  residence unless vented t o  t h e  outside.  Th i s  is advantageous 
i n  winter but counter-productive i n  summer. An attempt is made 
i n  the  TECH house to u t i l i z e  o r  vent heat as necessary. 
Since heat from appliances cannot be counted on a t  any s p e c i f i c  
t i m e  it is not considered when s ia inq  HVAC equipment. Several 
strategies were considered t o  make t h e  best use of t h i s  energy. 
1. Wall ovens can be vented (by convection) t o  outdoors i n  
suarmer and t o  i n t e r i o r  spaces i n  winter. A manual damper 
is required but l i t t le  o r  no s t r u c t u r a l  chanue is necessarv. 
- - 
This s t ra tegy is recommended. 
2. Rejected heat from ref r igera tor / f reeeer  can be u t i l i z e d  or 
vented a s  above. 
  his s t ra tegy is recoarmended. 
3. Surface cooking u n i t  hood normally vents outs ide  but a re- . 
ci rcula t ing  act ivated charcoal f i l t e r  hood is avai lable .  
A hood which can e i t h e r  be ducted outs ide  o r  rec i rcula ted  
ins ide  could be spec ia l ly  fabricated.  However, t h e  energy 
saved by t h i s  s t r a t egy  would probably never equal t h e  added 
i n i t i a l  cos t  and complexity. (Exhaust vent fans are not used 
o f t en  enough.)  his-strategy is not recommended f o r  t h e  TECH 
house. 
4. Electric dryer  normally exhausts moist heated air outside.  
If such air  was retained within t h e  house it might upset t h e  
humidity balance and cause condensation i n  w a l l  o r  roof 
sections.  Exhausting hot moist a i r  i n t o  c r a w l  space w i l l  
probably cause condensation on fc-mdation w a l l s  and plumbing 
pipes,  and r o t t i n g  of wood components. This s t ra tegy is 
not recommended although subs tan t i a l  heat is wasted by 
electric dryers. 
5. An a l t e r n a t e  t o  Item 4 above is t o  use a i r  type solar collec- 
t o r s  to provide hot a i r  t o  dryer when sun is shining. An 
indicator  l i g h t  could t e l l  t h e  occupant when adequate s o l a r  
heated hot a i r  was avai lable  for c lo thes  drying o r  a sensor 
c i r c u i t  could automatically shut off  electric h e a t  c o i l s  i n  
dryer when hot a i r  i s  available.  A i r  type c o l l e c t o r s  are 
c k r c i a l l y  avai lab le  . This s t r a t egy  i s -  recommended. An 
a i r  co l lec tor  gystem of 80 sq . f t .  p lus  ducting and i n s t a l l a t i o n  
would cos t  approximately $105 per year i n  mortgage payments 
f o r  the  ext ra  i n i t i a l  investment of $900. It would save 
between $70 and $140 per year i n  energy assuming t h a t  50% t o  
100% of a l l  c lothes drying was done on c lea r  sunny days. 
The system could be considered marginally cos t  e f f e c t i v e  
depending on use pat terns .  
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I n  an attempt to find energy efficiency ratings of appliances, t h e  
A/E design team contacted S o ~ s  Union and wars  referred t o  
The Center fo r  Consumer PrcHtaEt Teebol a t  BOational Bureau of 
-as. RB8 r e f i r r ed  us  to the Asso~%tioo lbr Home! Appliance 
Manufacturers where we learned that only refi;igerrtoxsr freezers  
and room air  conditioners are rated aurdl labeled f o r  energy e f f i -  
ciency at  t h i s  t i m e .  Servegal aaaaufacturers who claim energy 
e f f ic ien t  appliances are not participants i n  the ABAEa l i s t ings .  
Bad& on research and experience the  A/B design team reamunends: 
Awuur or Philco Oenergy 
sawex-e ls  
Wicmwave oven: Aeuura, Litton or Philco 
E t  -its)-' 
Surface cooking unit:  
Conventional w a l l  oven: 
Hot water dispenser: 
C l o t h e s  washer/dryer 
Dishwasher 
GE, Sears, Westinghouse o r  
-c
a,. Frigidaire, or equal 
(single oven) 
Uestinghouse LT100P-DE100 
stacking un i t s  
Kitchenaid KDI-17A (energy 
saver cycle ) 
CHAPTER 10 
SUN ABGLEG Arm om- 
The bMGA team &%tennined the optimum tilt angle (from horizontal)  
of f l a t  p l a t e  co l l ec to r s  for: l a t t i t u d e  37.08 rees, to be 58 
d raws. Prom this deterarinaticn (plus s t a d a r  "x dimensions 
h a t e  col lec tors  now available) the A D  team datermiad 
t h e  & f i g u r a t i o n  of llectors i f  also u d  u a sun shadinp 
device. Wherever pos t is economical to us@ one component 
-re(tb on. fun 
Shadling of south facing g h s s  is critical to the proper uee of  
glass area as a passive co l l ec to r  system. The heated part of 
h TBCH house is a simple shed structure and t h e  coll&tors 
themselves fcrrm the overhang necessary to generally exclude direct 
sunlight from south uhdows between .March and September, 
The overhang allows sun to en t e r  t h e  south windows between,- 
aad Narch, reaching a maximm penetration when t h e  sun is lowest 
i n  the sky on December 21. This insolat ion contr ibutes  subs tant ia l ly  
t o  reducing t he  annual heating requirement but does not substant ia l ly  
increase t h e  summer cooling load. 
~ S A  Study of opthmn tilt apgles for polar collectors 
a t  the P r o j e c t  -8 si te .  
0 
APR 3 0  1975 
SHADING OF SOUTH FACING GLASS 
for 36' N Latitride 
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S I T I N G  AND O ~ R I O N  
The project TECH site is well lc3cated for an energy conserving re- 
sidence. The NQAA data for the Norfolk area sbms a generally 
temperate macroclimate (a temperature of 0 degrees F has never 
been recorded in Norfolk). Prevailing winds are generally from the 
Southwest changing to Northeast in August and September and Morth- 
Northeast in Februarj. 
* 
The specific house site is protected from oold winds by dense tree8 
to the North and exposed to southeasterly sunmer breezes. 
The best orientation for collection of solar heat is due south and 
there are no obstructions to full sun all day on the proposed site. 
Accees by visitors can be by aidewalk from the Visitors Center 
parking area. A fenced yard on the south side will be necessarv 
to give privacy to the occupants. The fence is designed - .  - 
to allow air movement through it. The garage will have its drive- 
way off Freeman Road. 
The outdoor deck between the house and garage is sheltered from the 
Northeast wind by an unheated passage from the garage which serves 
as an airlock. 
-4 
%round water is 3 to 10 below grade depending on season, so a 
crawl space is proposed instead of a ba~r.:~lcant. -The main floor of 
the residence will be approximately 2'-On above existing grade in 
order to keep the bottom ~f the crawl space above ground water. 
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Local Gr irnarr.okog!cal Data 8'4-"-- <*t'" LO* * P  
Annual Summary With bomparative Data 
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NORFOLK, VIRGINIA 
Narratiu t! Climatological Summary 
The cfty. of Norfolk, Virginia ,  is loca ted  a t  L a t i t u d e  So 51' North and Longitude 
76" 17' West. It is almost surrounded by water,  wi th  Chesapeake Bay immediately t o  . 
the  nortfr, Hampton Roads t o  t h e  west, and the  A t l a n t i c  Ocean only 18 miles t o  t b e  e a s t .  
It i b  t raversed by numerous r i v e r s  and waterways and its average e l e v a t i o n  above mean 
sea l e v e l  is 13 f e e t .  There are no nearby h i l l y  a r e a s  and t h e  l and  is  low and l e v c l  
througlrout the  City.  The c l imate ,  the re fo re ,  is n e c e s s a r i l y  a modif ica t ion of the 
more des i rab le  marine* va r ie ty .  The C i t y ' s  r.eographic p o s i t  ion  wi ch tespec t t o  t h e  . 
pr inc ipa l  storm t r a c k s  Is e s p e c i a l l y  favorable ,  bc-ing south  of the  average path of 
storms o r i g i n a t i n g  i n  the  h igher  l a t i t u d e s  and nor th  of the  usual  track of hurr icanes  
and o the r  t r o p i c a l  storms. These f e a t u r e s  combine t o  p lace  Norfolk i n  one of t h e  
favored climatic regions of t h e  world. 
Thewin te r s  a r e  mild, whi le  the autumn and s p r i n g  seasons usua l ly  a r e  d e l i g h t f u l .  
Summers, though warm and long, f requent ly  a r e  tempered by cool  per iods ,  o f t e n  asso- 
c i a ted  with nortlrl ~ s t e r l y  winds off  t h e  At lan t i c .  Temperatures of 100" o r  higher are 
of very infrequent  occurrence. Cold waves seld~m p e n e t r a t e  t o  t h i s  a r e a  and dur ing 
the period of continuous o f i i c i a l  record now a v a i l a b l e ,  a temperature of ze ro  has 
never been reccrded i n  Norfolk. Occasional win te r s  pass without a measurable amount 
of snowfall. Host o f  Norfolk's snow genera l ly  occurs  i n  l i g h t  f a l l s ,  which usual ly  
melts and disappears wi th in  24 hours. Thus, from a c l ima to log ica l  s'andpoint, Nor- 
fo lk ' s  weather is w e l l  s u i t e d  f o r  most outdoor a c t i v i t i e s  a t  a l l  seasons of t h e  pear .  
Prom an a g r i c u l t u r a l  s t andpo in t ,  the  Norfolk a r e a ,  wi th  its long  f rost-f  r e e  period 
and prolonged growing season,  averaging 244 days, is exccp t iona l ly  w e l l  favored. The 
average date of t h e  l a s t  f r eez ing  temperature I n  t h e  s p r i n g  is March 22 ,  w h i l e  the  
average d a t e  of  t h e  f i r s t  i n  autumn i s  November 21.' The average annual amount of 
r a i n f a l l  is about 45 'inches and considerably more than one-half or' it f a l l s  i n  w e l l  
d i s t r i b u t e d  amounts dur ing t h e  crop growing season,  Apri l  t o  October, inc lus ive ,  a  
f a c t  of great  importance t o  a g r i c u l t u r a l  i n t e r e s t s ,  which toge the r  w i t h  the  l i g h t ,  
.warm, sandy s o i l  of t h i s  s e c t i o n ,  makes i t  an a r e a  of  unuaual productive capaci ty ,  
y ie ld ing  boun t i fu l  supp l i e s  of  var ious  t r u c k  crops.  
NATIONAL CCEANIC AN0 ENVIRONMENTAL N A T I O N A L  C L I M A T I C  CENTER / ASHEVILLL. N.C. 
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VENTILATION AND INFILTRATION 
The largest contributor to heat loss in buildings (particularly 
in well insulated buildings) is infiltration ar.d exfiltration. 
WINTER 
-
When' exhaust fans are turned on, fireplaces operated or clothes 
dryers.vented, the aix pressure within the house is lowered and 
cold outside air seeps in through cracks around windows, doors 
and construction joints. 
When winds blow against the house, pressue differentials can 
cause infiltration on one side and exfiltration on the opposite 
side. 
The NASA team and A/B design team have recommended that the house 
be sealed as tightly as possible and that necessary ventilation 
air be preheated by exhaust air through use of an air-to-air heat 
exchanger if a cost effective version small enough for a single 
family house can be developed. 
SPRING AND FALL 
The mechanical air conditioning season can be shortened substanti- 
ally if proper ventilation of the house is provided. 
All windows and glass axeas of the Project TECH house are operable, 
to permit the best possible natural v. :tilation. In warm weather, 
when .there is no breeze, an attic exhaust fan draws air thrcugh 
ceiring registers and exhausts it outside through the chimney 
"belkedere". Reduced pressure in the house pulls in cooler outside 
air through windows and sliding doors. 
SUMMER 
On cool summer evenings the use of the natural ventilating charac- 
teristics of the TECH house can reduce the energy cost of air 
conditioning while the heat pump is cooling the water storage for 
the next hot period. 
RECOMMENDATIONS 
1. The 6 mil polyethylene vapor barrier on the inside of the 
exterior wall studs and ceiling rafters should be overlapped 
and all joints and s t a p l e  h~les should be taped with poly- 
ethylene tape to provide a continuous vapor and infiltration 
barrier. 
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2. Windows should be carefully sealed at rough openings with foam 
or sealant to prevent air infiltration. 
3 .  If possible all fresh air and exnaust air should enter and 
leave the building through controlled openings rather than 
cracks. 
4. Windows and doors with low rates of infiltration are recommended. 
5.  Steel covered, urethane filled entry and exit doors with refri- 
gerator type magnetic seals are recommended. 
6. Glass doors and separate combustion air supply for fireplaces 
are recommended. 
7. Crawl space ventilators should be closed in winter. 
8. Vestibules or air locks at entry doors are recomanended. 
9 .  Protection of the north side of the house from winter wind by 
planting of evergreen trees is recommended. 
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FIREPLACES 
The use of  f i r e p l a c e s  is pr imari ly  a e s t h e t i c ,  i n  t h i s  age of c e n t r a l  
heat ing systems, s i n c e  they tend c o  l o s e  as much hea t  through t h e  
f l u e  as they cont r ibu te  by r ad i a t i on  and conduction t o  t h e i r  sur -  
roundings. 
The NASA team and t h e  A/E design team s tud ied  ways to make f i r e p l a c e s  
more e f f i c i e n t  and ways t o  add some of t h e i r  hea t  LO t h e  s to rage  
system. 
RECOMMENDATIONS 
1. Provide f i r e p l a c e s  w i t h  f r e s h  combustion a i r  from ou t s ide  by 
means of a duct  d i r e c t l y  t o  t h e  lower p a r t  of t h e  f i rebox.  
2. Provide f i r e p l a c e  openings wi th  g l a s s  doors t o  reduce e x f i l t r a -  
t i o n  l o s s  through chimney f l u e .  (commercially ava i l ab l e )  
3. U s e  double w a l l  metal f i rebox  which hea t s  room a i r  by convection. 
(commercially ava i l ab l e )  
4. Construct a c o i l  i n  f i rebox  which hea t s  water and t r a n s f e r s  it 
t o  t h e  hea t  s to rage  tank while a f i r e  is burning. 
Note: For purposes of heat ing cos t  ca l cu l a t i ons  (Chapter 11) n e t  
gain  from f i r e p l a c e s  was not included although it is esti- 
mated t h a t  burning one cord of good s p l i t  hardwood could 
reduce t h e  annual heat ing requirement of HGlC by 5 x 106 Btu 
o r  1470  Kwh 
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COST ESTIMATES 
The A/E design team has estiamted t h e  i n i t i a l  cost of  Project TECH 
house HGlD a t  $52,142 i f  b u i l t  by a b e - b u i l d i n g  contractor  i n  
Norfolk assuming "mass productionn p r i ces  f o r  a l l  components. 
The expected construction cos t  t o  WASA could vary subs tan t i a l ly  
depending on costs of  custom M e  components, landscaping, special 
f a c i l i t i e s  for v i s i t o r s ,  spec ia l  consideration for instrumentation 
and.dlisplay, spc ia l i sed  cont ro ls  and changes h e  during construc- 
t ion.  .The A/E design team has estimated t h a t  under i dea l  conditions 
a minimum of $38,133 would be required for t k e  c o ~ ~ s t r u c t i o n  of t h e  
-
residence p lus  a nuninrum of site work. In  olcaer to  cover t h e  items 
l i s t e d  above, and t o  provide for furnish l &tgs and decorating, t h e  W E  
design team recommends a budget of a t  least $100,000 assuming m, 
contr ibut ions are accepted from manufacturers. 
Numerous o f f e r s  of donations of materials and components were re- 
ceived but it should be made clear t h a t  i n  no case w a s  a mater ial ,  
component, assembly, appliance or o the r  item selec ted  or rscomended 
by t h e  A/E design t e a m  unless i n  t h e i r  judgement it was determined 
t o  best  f u l f i l l  t h e  goals  of t h e  project .  
A deta i led  cos t  estimate breakdown is included i n  Appendix IV. 
2. Thermal meistance and Construction Cost Per Square Foot 
Calculations 
3. Average Energy Cost Calculation 
4. Description of ~i~ Calculation Procedure and Foxmlas 
5, ~\araaary comparison Calculations 
6 ,  Omparison Calculations - for walls, C d l i m r  roofs, floor8 
7 .  memml Shutters 
9. Sliding Glass Doors 
10. Entry Doors 
11. Obsexvations and Conclusions 
1. -1WPRoMICPION 
&e goal  of t h i s  study is to  determine the optinnan assepbly 
construction and respect ive insu la t ing  valuelr for -walls, 
roofs, ce i l ings ,  f l o o r s ,  and thermal s h u t t e r s  f o r  Pzoject 
TECH, Doors and windows are also sttrfied f o r  their insulia- 
t i n g  and i n f i l t r a t i o n  perforauurces versus cost. 
In order to r e a l i s t i c a l l y  ccmparc costs, t h i s  study makes these  
that energy costs are expected to increese by 10% pe r  
year , 
t h a t  t h e  mrt-gage term is 20 years ,  
t h a t  the  suortgage i n t e r e s t  rate is 10%. 
A co~lponeslt or assembly was d& to  be Ocost-effective' i f  
it satisfied the following test : 
"The adt?ed i n i t i a l  cost (through 20 year mortgage pay- 
mts) of t h e  assembly or col~ponent (or its es th t ed  
added i n i t i a l  cost by 1981) must be repaid to the buyer 
throuah energy or o the r  savings effected by t h e  assembly 
or component over the  l i f e  of t h e  mortgage." 
Where t h e  average yearly emrgy cost savings is g rea te r  than 
the yearly mortgage mount,  the assembly is a*+ ,iL'ectioe. 
The Larger this dif ference  t h e  g rea te r  t h e  cos t  effect iveness  
and energy d o l l a r  savings. 
The m o s t  cos t  e f f e c t i v e  aasernbly is not always t h e  g rea tes t  
energy saver. This study assumes t h a t  the  consumer m u i d  
choose which asseaably to use based so le ly  on economic considera- 
t ions. 
2. ASSEMBLY THERMAL aESISTABCE AMD COMSTRUCTXON COST PER 
The t o t a l  thermal resistance (R ) fo r  a construction is cal- 
culated by l i s t i n g  the  components of t h e  const=ction aad by 
consulting a reference, i n  t h i s  case Architectural Graphic 
Standards o r  a manufacturer's spezifications, f o r  the thermal 
assistance (R~value) of t he  individual components. The values 
fo r  the  individual components are then added for the  total 
thermal resistance (R) of the  section. Correcting this value 
fo r  an average square foot as it would be constructed is a 
fur ther  refinement used i n  this study. 
The t o t a l  construction cost of an assembly is calculated by 
l i s t i n g  the  components of the  amstruct ion and by c o n d t i n g  
a reference, i n  t h i s  case a l i s t i n g  fnnn the  1975 Dodge #anual 
fo r  Building Construction, Pricing and Scheduling, fo r  instal-  
la t ion,  labor, and material costs. It is the  average square 
foot of the  assembly that is being costed so a l l  values used 
are i n  these units. These labor and material cos t s  are then 
totaled and where necessary, adjusted to the Norfolk area. 
I't esn Description R 
- 
Cost/SF 
WALL ASSEMBLY 61 2 x 4 stud wall 14.48 1.60 
w/3  1/2" f i b e r g l a s s  
T H E W  RESISTANCE CALCULATION 
R Value 
outs ide  a i r  surface 0.17 
wood s i d i n g  0 .81  
1/2" sheathing,plywood 0.36 
3 1/2" f i b e r g l a s s  13.00 
1/2" gypsum board 0.45 
i n s i d e  a i r  surface 0.68 
15.47 = R 
14.48 = R (adjusted for studs) 
IMSTALLAT ION COST CALCULATION;. 
Item 
-
Labor 
-
2 x 4 p l a t e  ( 3 )  $0.12/SF 
2 x 4 stud 0.15 
sheathing 0.17 
s i d i n g  0 .26  
1/2" gypsum hoard 0 .12  
3 1/2" f i b e r g l a s s  0 .09  
Material Total 
Adjusted for Norfolk .62 
Item Description R Cost/SF 
WALL ASSEMBLY 1 2  2 x 4 s t u d  wall  w/ 22.58 1.97 
s ty ro f  oam sheathing 
THERMAL RESISTANCE CALCULATTOM 
I tern 
-
R Value 
ou ts ide  a i r  sur face  0.17 
wood s i d i n g  0.81 
1/2" plywood sheathing 0.36 
s t y r o f o m  1 1/2" 8.12 
3 1/2"  f i b e r g l a s s  13.00 
1/2" gypsum board 0.45 
i n s i d e  a i r  sur face  0.68 
23.55 = R 
22.58 = R (adjusted- f o r  s tuds)  
INSTALLATION COST CALCULATION 
Item 
-
Labor 
- 
Material Tota l  
-
2 x 4 p l a t e  (3) $0.12/SF S O.O6/SF 
2 x 4 s t u d  0.1 S 0.13 
1 1/2" styrofoam 0.14 0.32 
1/2" plywood sheathi-.g 0.17 * ,* 0.19 
Wood s i d i n g  0.26 • 0. SO 
1 /2"  gypsum board 0.12 0.12 
3 1 /2"  f i b e r g l a s s  0.09 0.11 
Adjusted for Norfo lk  .71 1.26 $1.97/SF 
Item 
WALL ASSEMBLY 13  
Description R Cest/SF 
2 x 4 stud wall w/ 17.16 1.70 
tri-polymer foam 
THERMAL RESISTANCE CALCULATION 
I tern 
-
R Value 
outside air surface 0.17 
wood siding 0.81 
1/ 2" plywood sheathing 0.36 
3 112" T.P.foam 15.68 
1/2" gypsum board 0 .45  
inside :I ir surf ace 0.68 
18.15 = R 
17.16 = R (adjusted for studs) 
INSTALLATION COST CALCULATION 
I tem 
-
Labor 
-
Material Total 
-
2 x 4 plate (3)  $ O . ~ ~ / S F  $ 0 . 0 6 / ~ ~  
2 x 4 stud 0.15 0.13 
1/2" sheathing 0.17 0.19 
wood siding 0.26 0.50 
1/2" gypsum board 0.12 0.12 
3 1/2" T.P. foam 0.21 0.14 
Aajusted for Norfolk .70 1.00 $1.7@/SF 
WALL ASSEMBLY 1)4 2 x 4 s t u d  wall w/ 25-28 2.05 
t r i -polymer  foam 8 
styrofoam sheathing 
THERMAL RESISTANCE CALCULATION 
Item 
- 
R Value 
ou t s ide  a i r  su r f ace  0.17 
wood s i d i n g  0.81 
1/2" plywood sheathing 0.36 
1 1/2"  styrofoam 
shea th ing  8-12 
3 1 /2"  T.P.foam 15.68 
1/2" gypsum board 0.45 
i n s i d e  a i r  su r f ace  0.68 
27.27 = R 
25.28 = R (ad jus ted  f o r  s t uds )  
INSTALLATION COST CAI.CULATIOM 
Item 
-
Labor 
-
Mater ia l  To t a l  
2 x 4 p l a t e  (3) $0.12/SF 
2 x 4 s t u d  0.15 
1 / Z W  plywood sheathing 0.17 
1 1 / 2 "  sheathing 0.14 
wood s i d i n g  0.26 
1 1 / Z W  gypsum board 0.12 
3 1 /2"  T.P.foam 0.21 
Adjusted for Norfolk 77 
 em Descr ip t ion  R Cost/SF 
MALL ASSEMRLY 6 S  2 x 6 s t u d  wa l l  w/ 20.38 1.90 
6" f i b e r g l a s s  
THERMAL RESISTANCE CALCULATION 
Item 
- 
R Value 
ou t s i de  a i r  su r f ace  0.17 
wood s i d i n g  0.81 
1/2" plywood shea th ing  0.36 
6" f i b e r g l a s s  19.00 
1/2" gypsum board 0.45 
i n s i d e  a i r  su r f ace  0.68 
21.47 = R 
20.38 = R (ad jus ted  f o r  s t uds )  
INSTALLATION COST CALCULATION 
I tern 
-
Labor 
-
Mater ia l  To ta l  
-
p l a t e ( 2  x 6)  3 $0.14/SF 
s t uds  ( 2  x 6)  0.16 
1 /2"  plywood 0.17 
1/2" gypsum board 0.12 
6" f i b e r g l a s s  0.18 
wood s i d i n g  0.26 
Adjusted for Norfblk .70 1.20 $1.90/SF 
I tern 
WALL ASSEMBLY 16 
Descr ip t ion  R CostiSF 
2 x 6 s t u d  wall w/ 28.50 2.28 
6" f i b e r g l a s s  and 
1 112" s tyrofoam 
s h e a t h i n g  
THERMAL RESISTANCE CALCULATION 
I tern 
-
R Value 
o u t s i d e  a i r  s u r f a c e  0.17 
wood siding 0.81 
1/2" plywood s h e a t h i n g  0.36 
styrofoam 1 1 / 2 "  8.12 
6" f i b e r g l a s s  19.00 
1 / 2 "  gypsum board 0.45 
i n s i d e  a i r  s u r f a c e  0.68 
29.59 = K 
28.50 = R ( a d j u s t e d  f o r  s t u d s )  
INSTALLAT ION. COST CALCULATION 
Item 
7
Labor 
-
p l a t e  (2 x 6) 3 $0.14/SF 
s t u d s  ( 2  x 6) 0.16 
shea th ing  1 1/2" 0.14 
1/2" shea th ing  0.17 
s i d i n g  0.26 
8 ypsum board 0.12 " f i b e r g l a s s  0.17 
M a t e r i a l s  T o t a l  
Adjusted for Norfolk -80 1.48 $2.28/SP 
I tern Descr ipt ion R C O ~ ~ ~ S F  
MALL ASSEMBLY U7 2 x 6 s tud wall w/ 24.68 1 .91  
t ri-polymer foam 
THERMAL RESISTANCE CALCULATION 
Item 
- 
outs ide  a i r  surface  0 .17  
wood s i d i n g  0.81 
1/2** sheathing 0 .36  
5" t r i  -polymer 23.30 
1/2" gypsum board 0.45 
i n s i d e  a i r  surface  0 .68  
25.77 = R 
24.68 = R (adjusted f o r  s tuds )  
INSTALLATION COST CALCULATION 
Item 
-
wood s i d i n g  
1/2** sheathing 
2 x 6 p l a t e  
2 x 6 s tud  
I/?** gypsum board 
5" tri-potymer 
Adjusted for Norfolk 
Labor Material l'otal 
Description 
- -  
R Cost/SF 
WALL ASSEMBLY 4 8  2 x 6 stud wall w/ 32.80 2.33 
5 1/2" tri-polymer 
6 1 1/2" styrofoam 
THERMAL RESISTANCE CALCULATION 
I tem 
-
R Value 
outside air surface 0.17 
wood sidin!? 0.81 
1/2" plybl .,J sheathing 0.36 
1 1/2" styrofoam 
sheathing 8.12 
5 1/2" tri-polymer 24.64 
1/2" gypsum board 0.45 
inside air surface 0.68 
33.89 = R 
32.80 = R (adjusted for studs) 
INSTALLATION COST CALCULATION 
Item 
-
Labor 
wood siding $0,26/SF 
1/2" plywood sheathing 0.17 
1 1/2" styrofoam 0.14 
2 x 6 plate 0.14 
2 x 6 stud 0.16 
1/2" gypsum board 0.12 
5 1/2" tri-polymer 0.33 
Material Total 
- 
Adjusted for Norfolk - 9 0  1.43 $2,33/S~ 
f tern Descr ip t ion  R Cost/SF 
WALL ASSEMBLY 19 2 x 4 s taggered  s t u d  43.62 3.96 
wall on 2 x 6 p l a t e  
w/urethane foam 
THERMAL RESISTANCE CALCULATION 
f tern 
- 
ou t s ide  a i r  su r f ace  0.17 
wood s i d i n g  0.81 
112" plywood sheathing 0.3G 
foam i n s u l a t i o n  5" 45.00 
1/2" gypsum board 0.45  
i n s i d e  a i r  su r f ace  0.68 
47.47 = R 
43.62 = R (ad jus ted  fo r  s t u d s )  
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
2 x 6 p l a t e ( 3 )  $O.l4/SF 
2 x 4 s t u d  ( 2 )  0.29 
1 / Z W  sheathing 0.17 
s i d i n g  0.26 
1 /2"  gypsum board 0.12 
urethane (4.5") 0 .77  
Mater ia l  To ta l  
- 
Adjusted f o r  Norsolk 1.19 2 .77  $3.96/SF 
It em Description R Cost/SF 
WALL ASSEMBLY dl0 2 x 4 staggered stud 24.68 2.09 
wall on 2 x b plate 
w/tri-polymer foam 
THERMAL RESISTANCE CALCULATION 
Item 
- 
outside air surface 0.17 
wood siding 0.81 
1/2" plywood sheathing 0.36 
foamed insulation 24.64 
1/2" gypsum board 0.45 
inside air surface 0.68 
27.11 = K 
24.68 = R (adjusted for studs) 
INSTALLATION COST CALCULATION 
Item 
- 
Labor 
2 x 6 plate (3) $0.14/SF 
2 x 4 stud (2) 0.29 
1/ZU sheathing 0.17 
siding 1 ' .  16 
112" pypsurn board 0.12 
t.p. oam (5.4") 0.32 
-- 
Material TotLl 
Adjusted for Norfolk ,88 1.21 $2.09/SF 
I-te- Description - R Cost/SF 
WALL ASF .dLY I11 Masonry cavity  wall 29.71 6.52  
w/ 3" urethane 
THERMAL RESISTANCE CALCULATION 
I tern 
-
R Value 
ouside a i r  surface 0.17 
exterior  face brick 0.30 
3'' crethane 27.00 
d" Cnu 1.11 
1/2" gypsum board 0 . 4 5  
ins ide  a i r  surface 0.68 
INSTALLATION COST ULCULAT ION 
Labor 
ex t .  face brick $2.92/SF 
3" urethane 0 . 5 7  
8" CMU 1.36 
1/2" gypsum board 0.12 
Material Total 
-
Adjusted fcr Norfolk $ 3 . 3 8  $3.14 $6.52/SF 
I tea Description - R Cost/SF 
MALL ASSEMBLY f12  Masonry cavity w a l l  38.71 6.94 
w/4" urethane 
THERMAL RESISTANCE CALCULATION 
I tern 
- R Value 
outside air surface 0.17 
exter ior  face brick 0.30 
4" urethane 36.00 
8" CMU 1.11 
1/2" gypsum board 0.45 
ins ide  a i r  surlace 0.68 
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
Material Total 
-
ext. face brick $2.92/SF 
4" urethane 0.67 
8'* CMU 1.36 
112" gypsum board 0.12 
Adjusted for Norfolk 3.45 3.49 $6.94/SF 
Item Description . R 
- 
HALL ASSEMBLY I 1 3  Masonry cavity wall 25.11 S.29 
w/S" tri-polper 
THERMAL RESISTANCE CALCULATION 
- - 
Item 
- R Value 
outside air surface 0.17 
exterior face brick 0.30 
5" tri -polymer 22.40 
8" cnu 1.11 
1/2" gypsun board 0 - 45  
inside air surface 0.68 
INSI'I? 1.I.ATION COST CALCULATlON 
Labor 
-
ext. face brick $2.92/SF 
5" tri-polymer 0.30 
8" CMU 1.36 
112" gypsum board 0.12 
Material Total 
-
Adjusted for Norfolk 3.20 2-69 $S.  29/SF 
Notes: This constructron assembly would have integral heat 
stora.ge characteristics. Extra foundation costs w m l d  be 
necessary. CMU exterior face would lower cost significantly; 
costs not available. 
Description 
WALL ASSENBLY 114 14" un i t  block 33.44 4.10 
(8" CMU/IW urethane/ 
2" facing) 
THERMAL RESISTANCE CALCULATION 
Item 
-
R Value 
outside a i r  surface 0.17 
ext.  facing 0.30 
4" urethane e9 36.00 
CI(U 8" 1.11 
1/2" gypsum board 0.45 
inside a i r  surface 0.68 
38.71 = R 
33.44 = R (adjusted f o r  mortar jo in t )  
INSTALLATION COST CALCULATION - 
Labor 
-
Unit block 6 2.02/SF 
1/2" gypsum board 0.12 
Material Total 
Adjusted fo r  Norfolk 1.46 2.64 $4.10/SF 
Note: These cost f igures  do not include t ransportat ion costs .  
I tern 
Roof/cei ling 
Assembly 41 
Description R Cos t/SF 
Flat ceiling 22.09 0.22 
6" fiberglass 
THERMAL RESISTANCE CALCULATION 
R Value 
Attic air surface 0.17 
1/2" attic flooring 0.36 
6" fiberglass 22.00 
1/2" gypsum board 0.45 
inside air surface 0.61 
23.59 = R 
22.09 = R (adjusted) 
INSTALLATION COST CALCULATION 
Labor 
-
6" fiberglass $0.09/SF 
Material - Cost 
$O.l8/SF 
Adjusted for Norfolk 0.06 0.16 $0.22/SF 
Item 
Roof/ceiling 
Assembly 6 2  
Description R Cost/SF 
Flat ceiling 
6" tri-polymer 
foam 
THERMAL RESISTANCE CALCULATION 
Item 
-
R Value 
attic air surface 0.17 
1/211 attic flooring 0.36 
6" tri -polymer foam 26.88 
1/2" gypsum board 0 . 4 5  
icside air surface 0.61 
28.47 a R 
26.37 = R (adjusted) 
INSTALLATION COST CALCULATION 
I tern 
-
Labor Material Cost 
- 
6" foam $0.36/SF $0.24/SF 
Adjusted for Norfolk 0.25 
Roof/ce i l ing  
Assembly 113 
Descr ip t ion  
- 
F l a t  c e i l i n g  32.29 0.58 
3 1 /2"  t r i -po lymer  
foam 
THERMAL RESISTANCE CALCULATlON 
R Value 
a t t i c  a i r  s u r f a c e  0.17 
1/2" a t t i c  f l o o r i n g  0.36 
7 1/2" t r i -po lymer  foam 33.60 
1/2" gypsum board 0.45 
i n s i d e  a i r  s u r f a c e  0.61 
35.19 = R 
32.29 = R ( ad jus ted)  
INSTALLATION COST CALCULA'L'ION 
Item 
-
Labor M a t e r i a l  Cost 
- 
7 1 / 2 "  foam $0.4S/SF $0.30/SF 
Adjusted f c r  Norfolk 0.31 0.27 $0. !iS/SC 
Roof/ceiling 
Assembly a 4  
Description R Cost/SF 
Flat ceiling 30.23 0.60 
w/ 1 1/2" 
styrofoam 
THEhlrdAL RESISTANCE CALCULATION 
Item 
_II_ 
R Value 
attic air surface 0.17 
1/2" attic flooring 0.36 
1 1/2" styrofoam 8.14 
6" fiberglass 22.00 
1/2" gypsum board 0.45 
inside air surface 0.61 
- - ~p 
31-73 = R 
30.23 = R (adjusted) 
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
1 1/2" styrofoam $0.14/SF 
6" fiberglass 0.09 
Material Cost 
Adjusted for Norfolk 0.16 0.44 $0.60/SF 
Roc f/ceiling 
Assembly P S  
Description R Cost/SF 
6" fiberglass C 44.39 $0.50 
ce i l ing  w/6" 
f iberglass @roof 
f l a t  c e i l i n g  
THERMAL RESISTANCE CALCUI.PT ION 
- 
exterior a i r  surface 
asphalt shingles 
1/ 2" sheathing 
6" f iberglass  
a t t i c  a i r  space 
1/2" a t t i c  f loor 
6" fiberglass 
1/2" gypsum board 
inside a i r  surface 
R Value 
47.39 - R 
44.39 = R (adjusted for j o i s t s )  
INSTALLATION COST CALCULATION 
- 
Item 
-
Labor Material Cost 
__L_ 
6" f iberglass  ece i l ing  $0.09/SF 
6" f iberglass  @roof 0.11 
Adjusted for Norfolk 0.14 0.36 $O.SO/SF 
Roof/Cei l i n g  
Assembly 86 
Descr ip t ion  Cost /SF 
6" f i b e r g l a s s ,  22.63 $0.22 
c e i l i n g  @unders ide  
of roof 
THERMAL RESISTANCE CALCULATION 
R Value 
e x t e r i o r  a i r  s u r f a c e  0.17 
s h i n g l e s  & f e l t  0.44 
1/2" shea th ing  0.36 
6" f i b e r g l a s s  22.00 
1/2" gypsum board C.45 
i n s i d e  a i r  s u r f a c e  u . b l  
24.03 = R 
22.65 .A R (ad jus ted  f o r  j o i s t s )  
INSTALLATION COST CALCULATION 
I tern 
-
Labor Mate r i a l  T o t a l  
-
6" f i b e r g l a s s  $0.09/SF $0.18/SF 
Adjusted fo r  Norfolk 0.06 0.16 $0.22/SF 
Roof/Cei l ing 
Assembly 8 7  
Descr ip t ion  R Cost/SF 
6" f i b e r g l a s s  28.04 0 .49  
w / l W  styrofoam 
c e i l i n g  @underside 
of roo f  
THERMAL RESISTANCE CALCULATION 
I tern 
-
R Value 
e x t e r i o r  a i r  surface 0 .17  
s h i n g l e s  0 . 4 4  
1/2" sheathing  0 . 3 6  
1" styrofoam 5.4: 
6" f i b e r g l a s s  22 . O O  
1/2" gypsum board 0 .45  
i n s i d e  a i r  surface 0 . 6 1  
29.44 = R 
28.04 = R (adjusted for joists) 
INSTALLATION COST CALCULATION 
I tern 
-
Labor 
-
1" styrofoam $0.15/SF 
6" f i b e r g l a s s  0 . 0 9  
Material  Totdl 
Adjusted for Norfolk 0 .16  0 . 3 3  $0.49/SF 
~ o o f / C e i l i n g  
Assembly 18  
Desc r ip t  idn R Cost/SF 
6" f i b e r g l a s s  w l  30.77 0.60 
1 I/'" sty1.ofoaIR 
c e i l i n g  @under s ide  
of roo f  
TWmL RESISTANCE C ILCULATION 
Item 
-
I( Value 
e x t e r i o r  a i r  s u r f a c e  0.17 
s h i n g l e s  0.44 
1 /2"  s h e a t h i n g  0.36 
1 !!2" styrofoam 8.14 
6" t i b e r g l a s s  22.00 
1 1 2 "  gypsum board 0.45 
i n s i d e  a i r  s u r f a c e  0.61 
32.17 = K 
30.77 = R ( a d j u s t e d  f o r  j o i s t s )  
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
M a t e r i a l  T o t a l  
- 
1 1 / 2 "  s tyrofoam $O.L4/SF 
6" f i b e r g l a s s  0.09 
Adjus ted  f o r  Norfolk 0.16 0.44 $0.60/SF 
' Item 
- 
Roof/ceiling 
Assembly # 9  
Description R Cost /SF 
9 1/4" iri-polymer 39,87 0.71 
foam, ceiling @ 
underside of roof 
THERMAL RESISTANCE CALCULATION 
I tem 
- R Value 
exterior air surzace 0.17 
shingles 0.44 
1/2" sheathing 0.36 
9 1/1" tri-polymer foam 41.44 
1/2" gypsum board 0. # S  
inside air surface 0.61 
43.47 = R 
39.89 = R (adjusted for joists) 
INSTALLATION COST CALCULATION 
I tem 
-
9 1/4" foam 
Labor Material Total 
$0.37/SF 
Adjusted for Norfolk 0.38 0,33 $0.71/SF 
Roof/Ceiling 
Assembly d l 3  
Description 
- 
R 
- 
cost /cr  
- -  
6" f iberg lass  32.48 s n . 4 3 ,  -* 
w /  3 1/2" fiberglass 
T-4ERMAL RESISTANCE CALCULATION 
Item 
-
R Value 
Basic assembly 
6" fiberglass 
3 1/2" f iberg lass  
38.50 
3 2 . 4 8  = R (aJjusted for j o i s t s )  
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
Material Total 
6" f iberglass  $ .09/SF $0.18/SF 
3 1/2" f iberg lass  . 0 9  0 .11  
(2 x 12) versus ( 2  x 10)  . 0 5  0.01 
ALjustment for Norfolk .16 0.27 $0.43/SF 
Item Description R 
-- 
C o s t / s f  
4 1  Floor Wooci frame floor 24.25 $O.~Z/SF 
w/ 6'' f iberglass  
Air surf ace 
hardwood floor 
subf loor 
A i r  surface 
6" f iberglass  
R Value 
24 -25  = R (adjusted) 
INSTALLATION COST CALCULATION 
I t e ra  
-
Labor 
-
Matsials  Total 
-
6" f iberylass $0.09/sf $0.18/sf 
Adjusted for Norfolh 
1 2  Floor 
Description 
frame floor w/ 32.37 $0.60/SF 
6" fibeqlass 61 
1 1/2" styrofoar~ 
Air suriace 0.92 
hardwood floor 0.68 
subf loor 0.98 
A i r  surf ace 0.92 
6" fiberglass 22.00 
1 1/2" styrofoaro 8-12 
"33.62 
32.37 = R (adjusted) 
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
Hateria l  Total 
6" f i b e r g l a s s  $0.09/sf 
1 1/2" styrofcam . 14 
Adjusted fgr Norfolk 
Item bscr ipt  ion R Cost/sf 
- 
1 3  Floor Wood f rzum floor 4 1 . 3 7  $0 .93  
w/ 9 l/em urea 
tri-polymer foam 
THERnaL RESISTANCE CALCULATION 
R Value 
A i r  surface 0-92 
Hardwood floor 0.68 
Subf loor 0.98 
Air surface 0.92 
9 1/4" urea tri- 
polymer foam 41.44 
4 4 - 9 6  
41.37 = R (adjusted) 
INSTALLATION COST CALCULATION 
Item 
-
Labor 
-
Material. Labor 
9 1/4" foam SO.S6/sf $0.37/sf 
3/8" particle board .17 -12 
Adjusted for Norfolk . SO .43 
Item Description R Cost/sf 
14 Floor wood frame floor 49.51 $1.09 
w/9 l/aO urea 
tri-polymer foam 
6 1 1/2- styrofoant 
Item 
-
R V a l u e  
A i r  surf ace 0.92 
hardwood floor 0.68 
subf loor 0.98 
A i r  surf ace 0.92 
9 1/4* urea tri- 
polymer foam 41.44 
1 1/2" styrofoam 8.12 
T n r  
49-51 = R (adjusted) 
INSTALLATION COST CAIXlULATION 
Item 
-
Labor 
-
Material Total 
9 1/4" urea foam S 0.56/sf 
1 1/2" styrofoam -14 
- 70  
Adjusted for Norfolk . 4 8  .61 $1 .O9/SF 
Itan Description R Cost/& 
15  Floor Wood frame floor w/ 35.69 $0.38 
6" fiberglass and 
3 1/2" fiberglass 
TRERMBL RESISTANCE CALCULATION 
Item 
-
R Value 
Air surface 0.92 
hardwood floor 0.68 
subf loor 0.98 
Air surface 0.92 
6" fiberglass 22.00 
3 1/2" fiberglass 13.00 
38.50 
35.69 = R (adjusted) 
INSTALLATION COST CALCULATION 
Labor 
6n fiberglass $0.09/sf 
3 1/2" fiberglass .09 
Materials Total -
SO. 18/sf 
-11 
Adjusted for ~or ' fo lk  .12 .26 $0.38/SF 
3 AVEKAGE ENERGY COST CALCULATION 
The cost per Kwh i n  Norfolk t h i s  heating season i s  expected to be 
$0.05. Assuming this cost increases at 10% per year, the yearly 
costs are: 
Year $/Kwh 
1 1975 $ -0500 
2 1976 .0550 
3 1977 .0605 
4 1978 .066S 
5 1979 .0732 
6 1980 .080S 
7 1981 .0886 
8 1982 .0974 
9 1983 . l o72  
10 1984 .I179 
11 1985 .A297 
12 1986 .1427 
13 1987 -1569 
14 1988 .I726 
15 1989 .1899 
16 1q90 .2089 
? 7  1991 .2297 
18 IS92 -2527 
13  1997 .2780 
20 1994 3058 
The average cost  over the 20  heating seasons is $.143/Kwh 
4 9ESCRIPTIGN - OF COMPARISON CALCULATION PROCEDURES, $ORMUUS 
'AND DEF lNITrONS 
- -  - .L- 
4A. Energy consumption and energy cost calculation 
The energy required to heat a house for a year is equal to the sum of 
the amounts of heat lost thru its various assemblies, plus infiltration 
losses. 
The heat lost thru any one of the assemblies is given by the formula: 
Uhere : 
Qy = yearly heat loss thru the assembly being considered in Btu/year 
24 = number of hours per day 
SF = the surface area of the assembly being considered,in square feet 
DDy = heating degree days per ye:ir, @Norfolk = 3536 (avg. over past 
20 years) 
R = thermal resistance of the assembly being considered 
T1.2 standard description of degree days is: the number of degree-days 
(65 degree F base) per day is the difference between 65 degrees and 
the daily mean temperature when the latter is less than 65 degrees. 
In this formula, Qy is givzn i~ BTU. Cost comparisons will be made 
using Kwh of electricity as a basis, since continuing availability 
of fuel oil for space herting is uncertain. The "basew house is 
assumed to be heated with an air to air heat pump (C.C.P. = 2.0) 
3400 BTU = 1 Kwh 
Where : 
E = average yea r l y  energy c o s t  
$0.143 = average c o s t  per  Kwh over 20 years 
Qy = yea r ly  s p a c e - h e a t i n g  requirements 
C . 0 . P :  = 2.0 
d e l t a  E = E base  - Ex 
Yhere : 
d e l t a  E = change i n  average yea r l y  c o s t  from base i tem 
E base = average yea r l y  energv cos t  o f  base i t e ~  
Ex = average year ly  energy cos t  of i t c m  being ccns ide red  
Delta  E r ep r e sen t s  t h e  yea r l y  energy d o l l a r  amount saved by having 
the  r e spec t i ve  assembly i n s t e a d  of t h e  base  assembly. 
4B. Mortgage Cost Ca lcu la t ion  
C = SF x C/SF 
Where : 
C = t o t a l  cons t ruc t i on  cos t  of  the  assembly being considered 
SF = t o t a l  s u r f a c e  area of t h e  assembly i n  square f e e t  
C/SF = cons t ruc t ion  c o s t  p e r  square  f o o t  
delta C = C (base) - C(x) 
Where : 
delta t = change in construction cost from a base assembly 
C(base) = total construction cost of the base assembly 
Cx = total construction cost of the assembly being considered 
My = delta C x .0097 x 12 
Where : 
Hy = yearly mortgage payment to amortize the amount of delta C 
delta C = chat~ge in construction cost from base assembly to assembly 
under consideration 
.0097 cost per munth to amortize $1.00 @a 10% interest rate f0r.a 
term of 20 years 
12 = months per year 
My represents the additional yearly dollar amount spent by the home 
owner to buy the better assembly. 
-- 
4C.  Cost Comparisc~n and Savings Calculation 
Sy = delta E - My 
[for pcsitive values of Sy) 
Where : 
Sy = average yearly savings in dollars 
delta E = average yearly energy cost in dollars 
Where Sy is nesative,' there is nc savings The assembl; is - not c o s t  
effec'ive. 
Comparisons of Sy for each assel,,l?ly or component show their relative 
cost effectiveness. 
5 S U W R Y  COMPARISON CALCULATIONS 
WALL - ASSEMBLY COST EFFECTIVENESS SUMMARY 
Total Energy 
Total Additional Cost savings Net $ 
Mortgage Payments over base savings 
Item 
- Description - over 29 years over 20 yrs. over 20 yrs. 
I1 (base) 2 x 4 stud w/34" 
fiberglass Ease Basc Base 
P 2 2 x 4 stud w / 3 4 "  
fiberglass andl*" 
styrofoam 1,073.20 1,101.8C 28.60 
8 3 2 x 4 stud w/34" 
urea tri-polymer 
foam 250.00 
2 x 4 stud w34" 
urea tri-polymer 
foam and 15" 
styrofoam 
2 x 6 stud w/6" 
fiberglass 
2 x 6 stud 46'' 
fiberglass and 
1%" styrofoam 
2 x 6 stud w / 5 4 "  
urea tri-polymer 
foam 
2 x 6 stud w/S&" 
urea tri-polymer foam 
and 1%" styrofoam 2,117.60 
2 x 4 staggered stud 
on 2 x 6 plate w/ 
urethane foam 6,845.60 
2 x 4 staggered stud 
on 2 x 6 plate w/ 
urea tri-polymer 
foam 1,421.40 
masonry cavity wall 
w / S W  urethane 14,271.40 
masonry cavity wall 
w/4" urethane 15,489.60 
masonry c a v i t y  wall 
w/Su urea tri-polymer 
foam 10,703.60 
item 
-
WALL ASSEMBLY COST EFFECT IVENESS SUMMARY 
Description 
- 
U14 14" uni t  block w/ 
4 "  urethane core 
Total Energy 
Total Additional Cost Savings Net $ 
Mort gage Payments over base sav I ngs 
over 20 years over 20 yr s .  over 20 yrs. 
FLAT CEILING - COST EFFECTIVENESS SUMMARY 
Item D e s c r i ~ t i o n  
T o t a l  Energy 
T o t a l  A d d i t i o n a l  Cost  s a v i n g s  Net $ 
Mortgage Payments over  base  s a v i n g s  
o v e r  20 y e a r s  o v e r  20 yrs. o v e r  20 y r s .  
- - - - - - - - -- --
P 1  (Base) o" f i b e r g l a s s  Base Base Base 
112 6" u r e a  t r i - p o l y m e r  895.60 420.40 - - 
83 7%" u rea  t r i  -polymer 1,343.00 
11 4 6" f i b e r g l a s s  w / l + "  
s ty rofoam 1 ,418 .00  
$ 5  6" f i b e r g l a s s  @ c e i l i n g  
& b" f iberg lass  @roof  1,645 . O O  1 ,301  .OO 256.00  
SLOPED CEILING - COST EFFECTIVENESS SUMMARY 
Total Energy 
Total Additional Cost savings Net $ 
Item 
7
Description 
#1 (ba$e)6" fiberglass 
# 2 6" fiberglass w/ 
1" Styrofoam 
# 3 6" fiberglass w/ 
1%" styrofoam 
# 4 9L" tri-pciymer 
8 5 6" fiberglass w/  
34" fiberglass 
Mortgage Payments over base savings 
over 20 years over 20 yrs. over 23 yrs. 
- 
Base Base Base 
ZLOOR ASSEMBLY - COST EFFECTIVENESS SUMMARY 
Item D e s c r i ~ t i o n  
T o t a l  Energy 
T o t a l  A d d i t i o n a l  Cos t  s a v i n g s  Net $ 
Mortgage Payments o v e r  Case s a v i n g s  
over 2 0  y c a r s  o v e r  20 y r s .  o v e r  20 y r s .  
# l  (base)  6" f i b e r g l u s s  Base Rase Base 
# 2 6" f i b e r g l a s s  w/  
1$" s ty ro foam 1,335.80 
rt 3 9%" u r e a  t ri -polymer 2,495.80  4 5 9 . 9 0  - - 
# 4  9%" u r e a  t r i  -polymer 
w/1+"  s ty ro ioam 3,058.20 
ff 5 6" f i b e r g l a s s  
w/ 3%" f i b e r g l a s s  562.40 
Note: Savings  a r e  g iven  f o r  a t e m p c r a t u r e  change from house i n t e r i o r  
t o  :raw1 s p a c e  e q u a l  t o  one h a l f  o f  t h e  change from house t o  
e x t e r i c r .  
T H W  SHUTTER COST EFFECTIVENESS SUMURY 
Total Energy 
Total Additional Cost Savings Met dollar 
Mortgage Payments over base savings 
Over 20 years Over 20 years Over 20 years 
Wind*: w/ Base 
insulating glass 
Base Base 
Window w/ 2,784.20 2,945.80 161.20 
insulating glass 
and thermal shutter 
(avg. Rs7.04 for 
use pattern) 
WI- FRAME - COST BFFECTMBMBSS 
Total Additional T o t a l  Emzgy Net Dollar 
Mortgage Payments Cost Savings Savings 
Over 20 Years over Bass Over 213 years 
Over 20 years 
1. Pton-thermal 
break Alum. Base 
2. ANDERSON 
casement 27%. 20 
4. CARADCO 
casement 192.40 
6. RE?lNOU)S 
w/sliding 
break 28.00 
7. ALCOA 
w/sliding 
break 67.40 
Base 
d 
186. OQ 
140 -40  
139.20 
SLIDING GLaSS DOOR - COST EBFECPIWE STUDY 
'fotal Energy 
Total Additional Cost Savings Net Dollar 
Mortgage Payments O v e r  Base Savings 
Over 20 Years Over 20 Y e a r s  Over 20 Years 
Base' (Aluminum 
without thermal 
break) Base 
ANDERSON 
(asood) 
REYNOLDS 
(aluminum with 
thermal break) 101.20 
ACORN 
(aluminum with 
thermal break) 147.20 
B a s e  
156.40 
Base 
-- 
EI@RY DOOR COST EFFECTIVENESS SUMMARY 
Total Energy 
- Total Additional Cost Savings Net dollar 
Mortgage Payments over base savings 
Over 20 Years Over 20 Years Over 20 Years 
Solid wood door . Base 
w/weatherstripping 
Sme door with 69.80 
solid storm door 
Metal door with 23.20 
polyurethane core 
and magnetic weather- 
s tripping 
Base Base 
135.40 65.60 
797.60 774.40 
6. COMPARISON CALCULATIONS 
for w a l l s ,  ceilings, roofs,  f loors  
Worksheet I 
Proj eet TECH 
- 
GE a YA 
w w =  A? .fN WALL ASSEMBLY COST EFFECTIVENESS CALCULATION 
Worksheet 2 
Project T- 
WALL ASSEMBLY COST EFFECTIVENESS CALCULATION 
Worksheet 5 
Project T-
WALL ASSEMBLY COST EFFECTIVENESS CALCULATION 
SF 
Hours 
DDY 
R 
a*- 
I- 
Q4 
- 
4 14. 
1240 
24 
?9vw 
1 
Worksheet $ 
Project TECH 
FLAT CEILING - COST EFFECTIIfENESS CALCULATION 
Qy (etu) (x106) &a lGa 6 .  PI-+ 1 sm 3 .OM 
Qy ( Kwh 15ll.4 let74 lC'C{.?I  1%%5.C, 98 ! ,?5 
Q (for COP=2) SO&/& 7-h &I-! 9 961.b 4m.7 
Avg . Cost/Kwh . 0.147. 4-9.144 0 .  6 ~ . ~ &  -C(Q,I& 
" - 
E I .  I@6.4& e,.>.L7@ 94.64 &&Jcj 
de l ta  E VN-Z 41 .e 4 0."3 
- 
C O S ~ / S ~  40 cc 4 0 . e  4 0 . 5 ~  40m 4b.9 
Sy x 20 * - 
Y 
1 0P3 
5rn-a 
5'3-%7 
d q. 
I UL'~ .. ' SF 
Hours 
D DY 
R 
I 
+t I F 3 6  
1 9 ? 7  
9 4  
~X'?/LP 
<C*o? 
, 
6 4  I 84, 
24- 
%930 
44 "+ 
1 @J*
c< 
5 ? ? 4 0  
551 5'9' 
1- 
94 
*w 
6 <,(I. >*& 
Worksheet 
Project TECH 
ROOF (SLOPED CEILING) - COST EFFECTIVENESS CALCULATION 
Worksheet b 
P r o j e c t  T- 
FLOOR ASSEMELY - COST EFFECTIVENESS CALCULATION 
SF 
Hours 
DDY 
R 
Qy (Btu) (xlo6) 
r 
Qy (Kwh 1 
Q ( f o r  COP=2) 
Avg. C O S ~ I K W ~  
E 4111. 13 8 ~ 4 . ~ 9  4 h . 1 0  4 4 4 , e  4 75-51 
d e l t a  E e7-G 5 .  4 ,,., 4%.m 
I 
C o s t / s f  4 0  ' l r2  
u l L-6 
15 10 
a. 
m.94 
3 . 9 ~  
I c 4 . %  
777. I
* U . I O *  
Y 2  
13 10 
ga 
25Wm 
W %/ 
IlLPL)..% 
562 .2  
4 O.I&T, 
OH,, 
I 9  19 
26 
- 
4 - 1  -557 
%.MB 
9 11.0 
4w.5 
-+I 0.IP4 
&& 
14 10 
@A 
%9w 
4.51 
2496 
761.5 
. 
9 0 .1h 
a55 
1% 10 
dm-- 
*;a 
*-@ 
3.490 
Im.0 
4ra0.Q 
- 4 0 - i e  
I 
. 
- 
- 
7 .  THERMAL SHUTTERS 
THERMAL RESISTANCE CALCULATION FOR PROPOSED SHUTTER INSTALLATION 
Item 
- R Value 
outside air surface 0.17 
insulating glass 1.88 
2" air space 1.00 
lamite or nlsonite 0.4s 
1 l/2" urea tri-polymer 6.72 
lamite or masonite 0.45 
air surface 0.68 
THERMAL RESISTANCE CALCULATION FOR WINDOW 
outside air surface 
insulating glass 
air surface 
R Value 
If the thermal shutters are open 12 hours during the day and closed 
12 hours at night during the heating season, the average thermal 
resistance for this use is R = 7.04. This average should be conser- 
vatively low because nighttime is colder than daytime and because 
the shutters could be used more than 12 hours during the coldest 
winter days. 
The cost effectiveness calculation shows that thermal shutters would 
he cost effective, saving $8.06 a year. 
Worksheet 7 
Project T ~ C H  
THERMAL SHUTTER COST EFFECTIVENESS CALCULATION 
- 
SF 
Hours 
DDY 
*&a 
*- 
24. 
- 
SY 
sy x 20 , 
J 
e 
-6' 
Y 0.m 
.& 
6 
I n  t h i s  s ec t ion ,  generah . s tud ies  are made to determine thermal 
performance and colt e f f ec t iveness  o f :  
1. Double versus  triple gkaekng, 
2.  Double versus t r i p l e  g laz ing  with  t h e m 4  s h u t t e r s  i n  use ,  
3. Wood versus  aluminum (with thermal break design)  frames. 
O t h e r  w o r t a n t  aspec ts  of  window s e l e c t i o n  such as d u r a b i l i t y ,  
ease of operat ion and maintenance and a e s t h e t i c  preference were 
not considered i n  t h i s  part of t h e  study,  
The r e s u l t s  of the sttidies are: 
1. T r i p l e  g laz ing  is cost e f f e c t i v e  compared t o  double 
glazing.  
2. T r i p l e  g laz ing  is not cost e f f e c t i v e  compared t o  double 
g laz ing  when thermaTsshutters a r e  used as described i i i  
Section 7. 
3. Aluminum with  thermal break and wood windows are not  
cost e f f e c t i v e  compared t o  non-thermal break alG 
windows, 
Using aluminum thermal break or woad windows may be j u s t i f i e d  
where condensation i s  a concern or where t h e  a fo re  mentioned 
aspects  of window se l ec t ion ,  not  considered i n  t h i s  p a r t  of t h e  
study, are important considerat ions .  I f  s tudy 3 had been per- 
formed i n  combination w i t h  thermal s h u t t e r s ,  t h e  n e t  e f f e c t  of 
t h e  more thermally e f f i c i e n t  frames would have been reduced. 
Norfolk has a mild climate. Fur ther  nor th ,  aluminum thermal 
brcsak and wood windows may w e l l  become cost e f f e c t i v e .  

YDrkmeet 9 
P r o j e c t  ~ e c f l  
#If- FRA#E TYPE 
COST B P P B C P ~ S S  STUDY 
Workshect&~__ 58 
P r o j e c t  T 
Constant = .23 x .075 x 24 x DDy Q (Btu) Q1 + OC 
Q (for ~ 0 ~ ~ 2 1  
A V ~  . C O S ~ / X W ~ I  
1 w.6~ 
4 . '  
- 
* I .  
delta E r- - - . -- - - 1  . - -E -- 1- . 4q.* 
I*- 
4@I@ 
4 21.75 
#,.& 
m-6 
. 
4 19 .M 
@.% 
I I I ' I-' -- . I .  
r I I I I 
~- 
Cost/sf 
C 
I - 
-. . -. 
1 4  70.ao 14 , ? . . d l ~  I* I W . ~  14 I W . ~  1 4  I W . ~  
delta c 
MY 
97.7 
1~11- 
41% .W 
I @.cP 
* O ' W  
414.4% - -
I M . ~  ekce 
. . . - _ -. 
. 
S 1' 
-, - 
Sy x 20 i 
- 1 - 1  TI - 1  T i  - - 
w 
-. 
. -__ 
-a 
J 110.4) 
- . ~_ _. . . _ 
M E  
4 I**% 
_ -1 
la.% q.:&,* 11.61 
I
- 1  - 
4 IOWD + 61.m 
WINDOW FRAnE TYPE 
C-0 S STUDY P r c j e c t  T wo kshee & 59- 
Constant = .23 x .075 x 24 x DDy Q (Btu) QI + Qc 
9. SLIDING GLASS 000RS 
In this section studies were made to determine the thermal perfomance 
and cost effectivsness of these tyro types of sliding glass doors: 
1. Wood frame 
2. Aluminum fraine with thermal break design 
Other important aspects of door selection such as durability, ease of 
operation, maintenance, and aesthetic preference were not considered 
in this part of the study. 
The results of the study are that aluminum thermal break and wood 
sliding glass doors are not cost effective conpared to non-thermal 
-break aluminum doors. 
Using aluminum thermal break or wood sliding glass doors may be justi- 
fied where condensation is a problem or where the aforementioned aspects 
of door selection not considered in this part of the study are impor- 
tant considerations, If the study had been performed in combination 
with thermal shutters, the net effect of the more thermally efficient 
frames would have been reduced. Further north in a more harsh climate 
than Norfolk's, aluminum thermal break and/or wood windows may well be 
cost effective. 
SLIDIIUG GLASS DOOR 
ST mmXVENICSs STUDY 
. 
Constant = .23 x .07S x 24 x DDy 
In this section, general studies are made t o  determine the thermal 
performance and cost effectiveness of these types of entry doors: 
1. So12d wood w/weatherstxipping 
2. Solid wood w/weatherstripping and solid storm door 
3. Metal -faced, polyurethane core door w/mugnetic 
weatherstripp~ng 
Other important aspects of door selection such as durability, ease 
of operatioc, maintenance, and aesthetic preference were not consi- 
dered in this part of the study. 
The results show that the metal faced door by Therms-tru would save 
$38.72 a year 
ENTRY DOOR COST EFFECT IVIiNESS CALCULATION 
Worksheet 63. 
Project TE 
Constant = .23 x .075 x 24 x DDy Q (Btu) Qf + QC 
-taw- v)'(-m d 
t q w w m  
SF W-W 24.2% 947.- 
I 
 our e 94- 24 24 I 
DDY - 9- 
I I 
SY 
Sy x 20 
4 q.98 4 *.7% 
1 
J 
11 OBSERVATIONS AND CONCLUSIONS 
1. Fiberglass insulation, if made in 8" deep batts for 2 x 10 
ceilings and 10" deep batts for 2 x 12 ceilings with R's of 27 
to 34, would be a desirable product for use in roof and ceiling 
construction. 
2. Urea tri-polymer foam (a non-petroleum based product that gives 
off no toxic smoke or gases when subjected to flame, a flame 
spread rating of 5, fuel contribution of 0 in ASTM 84-70, accep- 
ted by the N.Y.City Building Department as non-combustible thermal 
insulation) is a new product that will be a very desirable insula- 
tor in cavity situations where its shrinkage provides adequate 
venting or where the construction is otherwise vented. 
3. Thermal shutters or insulating curtains, with k17.S and up, 
bought for $3.25 would be desirable products especially if sold as 
part of a window package. 
4 .  Door and window manufacturers should kive the thermal and 
infiltration performance as a matter of course. The effect of frame 
material on thermal performance was not studied because such data was 
generally unavailable from manufacturers. 
5 .  Masonry wall construction has several advantages that did not 
show up in this study. A great mass within the insulated layer of a 
building becomes an excellent heat storage. Warm walls are more 
comfortable. Peak heating and cooling loads a r e  leveled. Norfolk 
is  mild enough where t h i s  a l t e rna t ive  may be economically d i f f i c u l t  
t o  achieve. Perhaps a less expensive masonry wall o r  assembly 
would be j u s t i f i a b l e  i n  more northern applications.  See bibliography 
i t e m  New Insights Into Energy Use and Conservation i n  Structures ,  
National Concrete Masonry Assoc. 
6 .  Further refinements of assemblies during the f i n a l  desiqn phase 
of the Project TECH house could reduce the design heat l o s s  but 
i n f i l t r a t i o n  contributes such a large percentage of the  design h e ~ t  
loss  t h a t  extra e f f o r t  and study should be concentrated i n  t h a t  area. 
PROiECT TECH 
APFENDIX I1 
EXERGY REQUIREMENTS for HEAT1 NG 
COf; TENTS 
Introduction 
1. Design Heat Loss Fermulae 
2. BASE ROUSE Heat Loss Calculation 
3. BASE HOUSE Heat Gain Calculation 
4. BASE HOUSE Heating Energy Requirements 
5. HGlD Neat Loss Calculation 
6. HGlD Heat Gain Calculation 
7. HGlD Heating Energy Requirements 
8. HGlD Solar Collector Area Calculation 
INTRODUCTION 
Hea't loss /gain  ca l cu l a t i ons  a r e  general ly  based on ASHRAE methods 
f o r  residences.  
The base house i s  i d e n t i c a l  i n  conf igura t ion  t o  HGlD except i t s  
in su l a t i on  which is s tandard f o r  1974 e l e c t r i c a l l y  heated houses 
and i ts  i n f i l t r a t i o n  l o s s  which is ca l cu l a t ed  a t  1 .5  a i r  changes 
per  hour compared t o  1.0 a i r  changes per  hour f o r  H G l D  (due t o  the  
g rea t e r  t i gh tnes s  of HGlD). In addi t ion  it has been assumed t h a t  
approximately 1;3 of t he  heat  from exhausted a i r  can be t r ans fe r r ed  
(through an a i r  t o  a i r  heat  exchanger) t o  incoming f r e s h  a i r  i n  the  
HG lD house . 
Of the  heat  gaineod by i n so l a t i on  through south windows approximately 
25% is  usable i n  t he  Base house. The remainder would probably be 
vented t o  t he  ou ts ide  when an overheat condi t ion occurs.  The 
H G l D  house can (th*ough i t s  coolillg system) t r a n s f e r  some of t h i s  
excess "solarw heat t o  s to rage  r a thc r  than venting it. I t  has been 
est imated t h a t  50% o r  more of the  heat  gained by in so l a t i on  i n  H G l D  
can cont r ibu te  t o  space hea t ing  requirements. These f ac to r s  have 
been taken i n t o  eccount and a r e  r e f l e c t e d  i n  t he  t o t a l  hest  energy 
requirements of both the base house and H G l D .  
Pg. 2 
1, , DESIGN HEAT LOSS FORMULAE 
~ e s i i n  Heat Loss Qc t o t a l  + Q1 
HEAT LOSS FORMULA - CONVECTION/CONDUCTIGN/RADIATION 
Where: 
Qc. a heat loss  due t o  convection/conduction/radiation i n  BTfl/hr fo r  item 
Qc t o t a l  = sum of QC fo r  house 
d e l t a  t = maximum expected temperature difference from inside t o  
outside temperature. 
d e l t a  t = 68 degrees inside - 1 5  degrees outs ide = 53 degrees 
SF = area i n  square f e e t  of item being considered fo r  space being 
considered 
R = thermal res is tance  of the item being considered in  BTU/Hr/degrees F 
HEAT 1.0SS FORMULA - INFILTRATION 
QI cu.ft . / l lr .  x .24 x .075 x de l t a  t x r 
Where : 
QI = heat loss  due t o  i n f i l t r a t i o n  i n  BTU/hr. 
cu/f t /hr  = volume of a i r  i n f i l t r a t i n g  per  hour 
1 a i r  change/hr = volume of house x 1 
. 2 4  = spec i f i c  heat of a i r ,  the number of BTU needed t o  raise one 
pound of a i r  one degree F. 
;075 = average density of a i r  i n  pounds per  cubic foot 
de l ta  t = maximum expected temperature difference from inside t o  
outside - temperature given by ASHRAE handbook fo r  
spec i f i c  locations 
r = recovery ra t e :  ,that pa r t  of i n f i l t r a t i o n  heat losses - not 
recaptured by the a i r  handling system 

3. BASE HWSE HEAT GAIN CALCULATION 
Energy Available f m m  Window Insolation During Colder Nonths 
Colder Cross Usable 
Months. Insolation - Insolation (25%) 
Sept . -96 x l o6  Btu 24 x l o 6  Btu 
Oct . 3.18 x l o 6  Bru 
Nov . 3.54 x l o 6  Btu -84 w l o6  Btu 
kc. 3 -55  x l o 6  Btu -89 x l o 6  Btu 
Jan. 3.40 x l o b  Btu . 8S  x loQ Btu 
Feb . 2.67 x lo6 Btu -67  x l o 6  lltu 
Mar. -99 x lo6 ~ t u  -2s  x l o 6  ~ t u  
4. M S E  HOUSE HlEA'PIWG ENERGY REQUIREMUITS 
The total heating energy required equals the gross energy required 
(Qr gross) less jnsolation heat gain. 
Qr gross = w 
Where: 
Qr gmss = gross heating energy required in Btu 
Qd = design heat loss = 40576 Btu 
D- degree days per month (average over last 20 years) 
24 = hours per day 
delta t = inside design terpe~ature - outside design tenperature 
= 53 degrees F 
Let * *' 'OS7' = 18374 Btu/dagree/day 7
So that Qr gross = (f) [DDm) btu!month 
Pg. 6 
(4. ,Base House l iest ing Energy Requirements coat ) 
I n s o l a t  ion Tota l  Energy 
f DDa Qr gross Gain Requirement (Qr  =.e t ) 
Jan  ' 18374 784 14.40 x 106 Btu -05 x 106 ~ t u  13.55 x lo6 Btu 
Feb 18374 677 12.44 x lo6 Btu - 6 7 ~ 1 0 6 ~ t u  1 1 . 7 7 x 1 0 ~ B t u  
Mar 18374 524 9.63 x lo6 Btu -25 x 106 Btu 9.30 x lo6 Btu 
Apri l  113?4 245 4-50 x l o 6  Btu - - 4.50 x lo6 Btu 
b v  103?4 71 1.36 x lo6 Btu .- 1.36 x lo6 Btu 
June 18374 5 .09 x lo6 Btu - - -09 x lo6 Btu 
J u l y  18374 0 - - - - 0 
hug 18374 0 - - - - 0 
Sept 18374 12 -22 x 106 Btu -24 x lo6 Btu 0 
Oct 18374 145 2-66 x lo6 Ztu .00 x lo6 Btu 1.86 x lo6 Btu 
Nov 10374 399 7.33 x lo6  Btu -84 x 106 ~ t u  6.49 x lo6  Btu 
Dec 18374 671 1 2 . 3 3 ~ 1 0 ~ B t u  . 8 g x 1 0 6 B t u  1 1 . 8 4 x 1 0 ~ B t u  
Annur 1 
Tota l s  3536 64.96 x lo6 Btu 4.54 x lo6 Btu 60.44 x lo6  Btu 
BASE HOUSE ANNUAL HEATING REQUIREMENT = 60.44 x lo6 Btu 

6 .  HGlD HEAT G A I N  CALCULATION 
Energy Available from Window Inso la t ion  During Colder Months 
Gross Inso la t ion  Usable In so l a t i on  (50%) 
Sep t .96 x 106 Btu .48 x 106 ~ t u  
Oct 3.18 x l o6  Btu 1.S9 x 106 Btu 
Nov 3.34 x l o 6  Btu 1.67 x 106 Btu 
Dec 3.55 x lo6 Btu 1.78 x 106 Btu 
Jan  3.40 x lo6 Btu 1.70 x 106 Btu 
Feb 2.67 x l o 6  Btu 1.34 x 106 Btu 
Mar .99 x l o 6  ~ t u  .SO x 106 ~ t u  
Heating season t o t a l  8.58 x lo6 Btu 
Pg.  9 
7. H G l D  HEATING ENERGY REQUIREMENTS 
The t o t a l  h e a t i u g  energy r e q u i r e d  e q u a l s  t he  g r o s s  energy r e q u i r e d  
(Qr g r o s s )  less i n s o l a t i o n  h e a t  ga in .  
Qr gross  = 24 x d x DDm &
Where : 
Qr gross  = g r o s s  h e a t i n g  energy r e q u i r e d  i n  Rtu 
Qd = des ign  hea t  l o s s  = 18367 Btu/hr 
DDm = degree  days per month (average ove r  20 y r .  p e r i o d )  
24 = hours  p e r  day 
d e l t a  t - i n s i d e  d e s i g n  tempera ture  - o u t s i d e  des ign  tempera ture  = 
53 degrees  F 
Let  f = 24 x 18367 = 8317 Btu/degree/day 
-53 
So t h a t  Qr g r o s s  = (f)(DDm) Btu/month 
Pg. 1 0  
(7 .  H G l D  Hea t ing  Energy Requirements  ) 
T o t a l  Heat Energy 
I n s o l a t i o n  Requirement 
f DDrn Qr g r o s s  Gain (Qr n e t )  
Jan 8317 784 6.52 x l o 6  Btu 1 .70 x 106 Btu 4 - 8 2  lo6 Btu 
Feb 8317 677 5.63 x l o 6  Btu 1.34 x l o 6  Btu 4 9 2 9  lo6 Btu 
Mar 8317 524 4.36 x l o 6  Etu . s o x  1 0 6 ~ t ~  3.86 x l o 6  Btu 
Apr 8317 245 2.04 x 1 0 6 B t u  - .- 2.04 x l o 6  Btu 
7 4 .62 x l o 6  Btu .62 x l o 6  Btu 
June 8317 5 . O 4  x l o 6  Btu .. - .04 x l o 6  P tu  
Ju ly  8317 0 - - - - 0 
Aug 8 3 1 7  0 - - - - c 
Sept  8317 12  .10 x l o 6  Rtu .48 x 1 0  6 Btu 0 
Oct 8317 1 4 5  1 . 2 1 ~  l o 6 1 3 t u  1 . 5 9 ~  1 0 6 ~ t u  0 
Nov 8317 399 3 . 3 2 ~  1 0 6 ~ t u  1 . 6 7 ~  1 0 6 ~ t u  1 * 6 5 x : 0 6 B t u  
Dec 8317 671 5.58 x 1 0  ~ t u  1 .78 x 1 0  ~ r u  lo6 Btu 
Annual 
T o t a l s  3536 29.42 x l o 6  Btu 9.06 x l o 6  Btu 2 1 . 1 2  x l o 6  Btu 
. H G l D  ANNUAL HEATING REQUIREMENT = 2 1 . 1 2  x l o 6  Btu 
Pg.  11 
8 .  W l D  SOLAR COLLECTOR AREA CALCULATION 
Qm = I (E) ( P . A . )  ( D . M . )  ( C . A . )  
Where: 
Qm = energy  a v a i l a b l e  monthly from c o l l e c t o r / s t o r a g e  sys tem 
I = i n s o l a t i o n  on e x t e r i o r  o f  c o l l e c t o r  a t  60 d e g r e e  a n g l e  f o r  
c l e a r  day @ 40 d e g r e e  n o r t h  l a t .  (Btu/S.F. /day)  frsm 
ASlIRAE t r a n s i . c t i o n s  Vol. 80 P a r t  I1  
E = e f f i c i e n c y  of  c o l l e c t o r / s t o r a g e  sys tem 
P . A .  = monthly % of  s u n s h i n e  a c t u a l l y  r e c e i v e d  
D.M. = num5er of  days  i n  month 
C.A.  = c o l l e c t o r  a r e a  
I E P . A .  D.M. C . A .  Qm 
J a n  1944 .5S .57 3 1  320 s f  6.05 x l o 6  Btu 
Feb 2176 .55 .58 28 320 s f  6.22 x l o 6  Btu 
Mar 2174 .55 .63 31 320 sf 7.47 x l o 6  Btu 
A P ~  1956 .S5 .66 30 320 sf 6.82 x l o 6  Btu 
May 1760 .55 .67 31 320 s f  6 .43  x l o 6  Bta  
June  1670 . S S  .68 3 0  310 s f  5.99 x l o 6  Btu 
J u l y  1728 .55 .65 3 1 320 sf 6 .13  x l o 6  Btu 
Aug 1894 .55  -65 3 1 320 s f  6 . 7 2  x l o 6  Btu 
Sep t 2074 .55 -64  30 320 sf 7  . O 1  x l o 6  Btu 
Oc t 2074 . 5 5  . .60 3 1 320 s f  6 .79  x l o 6  Btu 
Nov 1908 . 5 5  .60 3 0  320 s f  6.04 x l o 6  Btu 
Dec 1796 .55 .57 3 1 320 sf 5.59 x l o 6  Btu 
Pg.  1 2  
( 8 .  HGlD S o l a r  C o l l e c t o r  Area C a l c u l a t i o n )  
Using January a s  t h e  "worst c a s e "  month: i t  can be s e e n  t h a t  
320 SF o f  c o i l c c t o r s  w i l l  prov ide  f o r  l l G l D  Energy Requirements:  
Heating Energy Requirement 
Average Monthly Domestic Mot Water 
Energy Requ i rement 
T o t a l  Energy Requirement from S o l a r  
C o l l e c t o r s  i n  January 
3 2 0  SF C o l l e c t o r s  p r o v i d e  i n  January 
= 1.17 x l o 6  Htu 
= 5 . 9 9  x l o 6  Btu 
6 . 0 5  x l o 6  Htu 
